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Abstract
The purpose of this research was 1) to develop a new instrument to explore factors parents value
regarding informal science, technology, engineering, and mathematics (STEM) enrichment
experiences for their children in Illinois, and 2) to adapt and use an existing instrument to assess
the degree to which parental perceptions of their child’s STEM attitudes and beliefs align with
the child’s actual STEM attitudes and beliefs. A quantitative cross-sectional survey design was
implemented over two parts. During Part I, a new survey was developed to quantitatively
measure the degree to which certain factors are valued by parents when considering STEM
enrichment programs for their child(ren). Part II studied the same population of parents using an
adapted version of Friday Institute’s (2012) S-STEM survey which is a reliable and valid survey
that measures student STEM attitudes and beliefs. Parent perceptions of their child(ren)’s STEM
attitudes were determined using the adapted tool (PPS-STEM) and the student's actual STEM
attitudes were measured for children of the parent participants using the original S-STEM
instrument. A quantitative comparison of parent and child survey responses determined the
degree to which these survey responses were aligned. The results showed that parents rate STEM
enrichment program factors differentially. Some STEM program characteristics, such as program
topic and timing of the program, were rated more highly than others, such as the extra's provided
and whether outdoor activities are incorporated. Furthermore, parental perceptions of student
STEM beliefs aligned well with the student’s actual STEM beliefs. This study can inform STEM
enrichment programs about parental perceptions that affect program enrollment decisions they
make for their children, which could inform national informal STEM education initiatives.
Keywords: STEM, informal STEM, out-of-school time STEM, STEM enrichment, Parent
Perceptions, Student STEM beliefs, STEM Education
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Chapter 1: Introduction
In today’s global economy, it is crucial for primary, secondary, and post-secondary (k-16)
schools to produce students who are capable and talented in the Science, Technology,
Engineering and Math (STEM) fields (Margot, 2017; National Academies of Sciences,
Engineering & Medicine, 2021; National Science & Technology Council, 2018; National Science
Teaching Association, 2012; U.S. Department of Education, 2013). STEM education enrichment,
or out-of-school time (OST) STEM experiences, could be playing an important role to that end.
Studies have suggested that student’s STEM attitudes and beliefs influence their achievement
and success in the STEM disciplines (Regan & Dewitt, 2015). Whether students in kindergarten
through 12th grade (k-12) pursue a STEM career or not partially depends on their STEM
attitudes, beliefs, and interest in various STEM topics (Business-Higher Education Forum, 2010;
(PCAST, 2010). Places that offer STEM enrichment programs, as well as various local and
national educational agencies, have recently been attempting to improve student attitudes and
interest in STEM fields (Nugent, et. al., 2015, Regan & Dewitt, 2015, Unfried, et al., 2015).
Background of the Study
Although the time students spend out-of-school (OST) participating in STEM
experiences has been shown to be important to student STEM interest and ability, and are often
considered important contributors toward the STEM college and career pipeline, many reports
indicate there are downward trends in student ability, student interest, and motivation toward
STEM learning, in addition to downward trends in the number of students pursuing a STEM
career path (Denson, et al., 2015; Kelley & Knowles, 2016; Merolla & Serpe, 2013; National
Science & Technology Council, 2018; Young et al., 2017; White, 2014). Further, there is
evidence that student experiences in formal educational settings, such as their traditional school
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class settings, are not enough on their own to promote lifelong STEM literacy (Dierking, 2014).
McClure et al. (2017) suggested that immersing students in a web of STEM learning including
formal (traditional in-school) and informal (out-of-school, or OST) STEM education experiences
will contribute to their STEM fluency, also referred to as STEM literacy. STEM education
stakeholders share a general consensus that there is a need for all people to be STEM-literate and
that being STEM-literate not only includes content knowledge, but also includes various skills,
abilities, and metacognitve capacities (McClure et al. 2017; National Science Board, 2019;
White, 2014; Zollman, 2012). There is consistent evidence that OST STEM programs provide
benefits to students, but according to Young, et al. (2017), more research is needed about these
programs (Merolla & Serpe, 2013). Thus, because OST STEM experiences are important to
maintaining student interest and ability in STEM, it is important to investigate factors that
influence student participation in and outcomes of such OST STEM experiences for younger, k12 students (Liu & Schunn, 2020; Young et al., 2017). Exploring factors that parents value when
considering OST STEM enrichment programs for their children is an important consideration,
and is one that has not been substantially addressed by the existing research base.
Purpose of the Study
There is a national push for quality k-12 Science, Technology, Engineering, and
Mathematics (STEM) education, which occurs both in and out of formal education school
settings (National Academies of Sciences, Engineering & Medicine, 2021; National Science
Teachers Association, 2012; National Science & Technology Council, 2018; U.S. Department of
Education, 2013). Out-of-school (OST) STEM enrichment experiences could foster an increase
in overall student STEM knowledge, attitudes about STEM, STEM beliefs, and interest in a
future STEM career. Parents are likely to play a significant role in the OST experiences to which
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their children have access and exposure, since often it is the parents’ responsibility to enroll their
children in these programs. Thus, the purpose of this research was to 1) develop a new
instrument that can be used to explore which factors are important to parents when enrolling
their child/ren in out-of-school time (OST) science, technology, engineering and mathematics
(STEM) enrichment experiences in Illinois and 2) to adapt and use an existing instrument to
assess the degree to which parental perceptions of their child(ren)’s STEM attitudes and beliefs
align with the child’s actual STEM attitudes and beliefs.
Research Questions
This researcher explored and analyzed the following questions and null hypotheses:
Research Question 1. Do parents rate the importance of certain factors more highly than
others when considering STEM enrichment program enrollments for their children? (Part1)
Ho1. There is no difference in the parental ratings about the importance of various factors
when considering STEM enrichment program enrollments for their children.
Research Question 2. How well do parent perceptions of his/her child’s attitudes
toward Science, Technology, Engineering and Mathematics align with the child’s actual
attitudes? (Part2)
Ho2. There will be no difference between the parent’s perceptions of their child’s STEM
attitudes and the child’s actual STEM attitudes.
Significance of the Problem
This study is important because it could inform institutions that offer OST STEM
enrichment programs about parental perceptions that could affect the enrollment decisions they
make for their children. If programs are more aware that a particular factor is or is not important
to parents when making these decisions, then the program can attempt to optimize aspects of the
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services they provide to their families. Furthermore, it would be interesting to see how well
parental perceptions about their child’s STEM attitudes align with the actual child’s attitudes
because that could also play a role in parental decisions about STEM enrichment programming.
For example, parents may believe that their child has a high-level of STEM interest (positive
attitudes and beliefs); therefore, these parents might either 1) tend to pursue non-STEM
enrichment programming for their child to balance the types of topics to which their child is
exposed, or 2) these parents may wish to continue pursuing STEM enrichment programs for their
child/ren if they consider their child(ren)’s STEM attitudes/beliefs to continue nurturing their
students interests and abilities in STEM. Either way, it is important to determine how well the
parent and child STEM attitudes align because parents could play a significant role in the types
of STEM exposure their students get in out-of-school/informal education settings (Craig et al.,
2018). These types of OST STEM experiences can be important to developing students’ STEM
attitudes and could also play a role in the development and retention of students’ STEM
knowledge and skills (Young et al., 2017). Results from this study could also help inform
national initiatives surrounding informal STEM education.
There have been several studies addressing parental perceptions (Craig et al., 2018; Ing,
2014; Mihelich et al., 2017); yet to date, there have been no studies identified that document how
well parental perceptions of their child’s STEM attitudes, beliefs, abilities, and/or interests align
with the child’s actual STEM attitudes, beliefs, abilities, and/or interests. Overall, there have
been few studies that have specifically addressed how STEM experiences of parents affect the
STEM attitudes and beliefs of their children (Mihelich et al., 2017). Further, this researcher has
not identified studies or reports on how parental perceptions of their child’s STEM attitudes have
influenced a family’s pursuit of OST STEM opportunities. This research will contribute to the
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gap in the literature by 1) addressing factors that are valued by parents when considering STEM
enrichment programs for their child/ren and by 2) determining how well parent’s perceptions of
his/her own child’s STEM attitudes, beliefs, abilities, and/or interests align with the child’s
actual STEM attitudes, beliefs, abilities, and/or interests.
Scope of the Study
Given the national push for quality kindergarten through 12th grade (k-12) Science,
Technology, Engineering, and Mathematics (STEM) education in school (formal) and out-ofschool (informal) settings, it is important for research related to STEM education to inform
national and local educational initiatives (National Academies of Sciences, Engineering &
Medicine, 2021; National Science & Technology Council, 2018; National Science Teachers
Association, 2012; U.S. Department of Education, 2013). Out-of-school (OST) STEM
enrichment experiences could foster an increase in overall student STEM knowledge, attitudes,
and interest in a future STEM career. Parents could play a significant role in the OST STEM
experiences to which their children have access and exposure.
Limitations of the Study
While this study promises to adhere to the quantitative analysis of factors that parents
value regarding STEM enrichment programming for their child/ren, when analyzing these data
and the measures of parent’s perception of their child’s STEM beliefs and the child’s actual
STEM beliefs, there are a number of potential limitations. This researcher attempted to control
these limitations, at least partially, in several ways throughout the study.
1. The research study was conducted using a convenience sample of families who had a
child or children who had previously participated in a particular suite of STEM enrichment
programs at a school headquartered in a Chicago metropolitan area in Illinois within three years
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prior to the study. Some of the families from around this area tend to be more affluent and
therefore could potentially have more resources available to them, thereby increasing the
likelihood that their children and families would partake in said STEM enrichment
programming. Thus, efforts were made to quantitatively explain these types of effects on the
study outcome.
2. Some of the data collected were based on an adaption of a survey (S-STEM),
developed by the Friday Institute (2012) which originally had a high level of reliability and
validity as reported by Unfried et at. (2015); this researcher constructed an adapted version of
this survey, which was implemented to parents. Small adaptations were made to the wording of
the S-STEM questions by changing the subject of the questions from I language in the original
student version to my child language used in the newly adapted parental version. This adapted
survey was assumed to maintain the original instrument’s level of validity and reliability since
only modest adjustments were made to the original tool.
3. An internal validity threat for subject effects could have affected the outcome because
participants simply knowing they are taking a survey could impact their answers. Furthermore,
participant perceptions are not facts and were biased based on the participant’s own experiences,
personal values, attitudes, and beliefs.
4. An internal validity threat of selections and interactions could have impacted the
results, since there could have been differences between the participants’ parent-child
relationships. For example, there may be some parents who are naturally more in-tune with their
child’s needs and interests than other parents, which could impact how well-aligned that
particular parent’s perceptions were to their child’s actual STEM attitudes. Using a random
sampling of the families within the convenience sample helped address this possible limitation.
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5. An internal validity threat of maturation could have impacted the study outcome. The
difference in STEM experiences of the younger students as compared to the older students could
have influenced the results. These threats were identified when analyzing and presenting data;
however, this potential issue of maturation was attempted to be addressed by using the two
different versions of Friday Institute’s (2012a, 2012b) S-STEM instrument (there is an upperelementary version and a middle/high-school version of this instrument).
6. External validity threats of research setting, and treatment could have impacted the
results. These data were obtained from families who had already participated in a particular set
of STEM enrichment programs located in a suburban setting; therefore, these results may not be
generalizable to other settings. In an attempt to broaden the impact of the results, this researcher
studied parents and children across a wide range of grades (third-ninth grade) because these
could be considered to be the formidable years of the development of student STEM attitudes
and interests; this means it is important to study how well parents’ perceptions about their child’s
STEM attitudes align with their children actual STEM attitudes at these particular grade levels.
Definition of Terms
The following terms are defined herein for the purpose of this investigation. Any terms
that are not accompanied by a citation were developed by this researcher:
1. Science, Technology, Engineering, and Mathematics (STEM): Professional fields and
educational curricula centered on in the disciplines of science, technology, engineering, and
mathematics (Hallinen, 2017).
2. Self-Efficacy: Belief in one’s ability to complete tasks or influence events that have an
impact on one’s life (Bandura, 1986).
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3. Expectancy-value beliefs: An individual’s regular assessment of the likelihood he or
she is able to attain specific goals and appraise the value gained or lost from such attainment
(Eccles & Wigfield, 2002; Wigfield & Eccles, 2000).
4. STEM Attitude: A composite measure of a person’s self-efficacy and their expectancyvalue beliefs (Unfried et al. 2015).
5. Beliefs: The feeling that something exists or is true (Cambridge Dictionary English,
2019).
a. Self-concept beliefs: General self-perceptions related to a domain that can
include an evaluative or affective component; for example, I am good at _____
or I enjoy _____ (Bong & Skaalvik, 2003).
b. STEM beliefs: An individual’s beliefs as true about the science, technology,
engineering, and math fields, including their own values and abilities in these
domains.
c. Parental STEM beliefs: A parent’s beliefs as true about the science, technology,
engineering, and math fields, including their own values and abilities in these
domains.
6. Perception: A thought, belief, or opinion (Cambridge Dictionary English, 2019).
a. Parental perceptions: A parent’s beliefs as true of their own child’s
characteristics, such as STEM beliefs, interests, and abilities.
7. STEM Education: Curriculum based on the idea of educating students in four specific
disciplines, science, technology, engineering, and mathematics, in an interdisciplinary and
applied approach (Hom, 2014).
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8. Informal Education: General term for education that occurs outside of a structured
curriculum or formal education setting. Examples include out-of-school experiences and
educational enrichment (Enhancing Education, 2002).
9. STEM enrichment: Any out-of-school experience a child/student encounters that
emphasizes one or more of the STEM fields of science, technology, engineering, and
mathematics.
10. S-STEM Surveys: Robust instruments that measure elementary, middle, and high
school STEM students’ psychological states and the potential impact of educational programs on
student attitudes toward STEM disciplines as well as these students’ 21st century skills and
interest levels in STEM careers.
a. Upper Elementary (language targets 4th-5th graders) (Friday Institute, 2012b).
b. Middle/High School (language targets 6-12th graders) (Friday Institute, 2012a).
7. PPS-STEM Survey: An adaption of the Friday Institute (2012) S-STEM surveys which
was re-worded to capture parental perceptions of their child’s interests and abilities about STEM.
8. Values: Principles that help you to decide what is right and wrong, and how to act in
various situations (Cambridge Dictionary English, 2019).
a. Program logistics-related values: Attributes of a STEM enrichment program
that relates to the ways in which a program is implemented.
b. General program-specific values: An attribute of a STEM enrichment program
that relates to the descriptions and/or qualities of a program.
9. STEM Program Parent Questionnaire (STEM-PPQ): Instrument developed by this
researcher which measures the degree to which parents agree to statements about factors that
parents may value regarding STEM enrichment program opportunities for their child/ren.
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Summary
This research addressed factors that are valued by parents when considering STEM
enrichment programming options for their child/ren and evaluated how well parent perceptions
of their child’s STEM attitudes align with the child’s actual STEM attitudes, as measured by
Friday Institute’s (2012a, 2012b) original S-STEM survey. A quantitative, cross-sectional survey
design during Part I and Part II guided the study. The purpose of the study and emphasis was to
determine if parents consider some factors about STEM program enrichment more important
than others when identifying potential OST STEM activities for their child(ren). Further,
investigating how well parental perceptions of their child’s STEM attitudes and beliefs aligned
with the child’s actual STEM attitudes and beliefs was a novel investigation and contributes to
the literature surrounding informal STEM education. This research is important to the national
initiatives surrounding STEM education and could help inform STEM enrichment programs so
they may best serve their communities and maximize the impact of these programs on the
student participants.
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Chapter 2: Review of the Literature
Introduction
The purpose of this chapter was to provide a summary of the relevant and most recent
literature concerning informal Science, Technology, Engineering, and Mathematics (STEM)
education (emphasizing out-of-school or enrichment programs) for elementary and middleschool-aged students. In particular, an examination of how certain STEM program characteristics
or factors are considered important to parents was provided along with an analysis of how wellaligned parent and student answers were for 37 S-STEM questions (Friday Institute, 2012a;
Friday Institute, 2012b). Since OST STEM activities contribute to students’ STEM beliefs and
interests and could not only influence the STEM-career pipeline but help develop a society of
people who are STEM-literate, this study focused on informal or out-of-school (OST) STEM
education. Whether or not students in kindergarten through 12th grade (k-12) pursue a STEM
career partially depends on their individual STEM attitudes, beliefs, and interest in the various
STEM topics (Business-Higher Education Forum, 2010; (PCAST, 2010). Therefore, this chapter
also reviewed studies that highlighted the need for quality STEM education and how student
experiences in traditional school settings may not be sufficient, thereby justifying the existence
of various informal STEM education opportunities for students. Lastly, this review included
studies that examined how parental factors might contribute to their students’ STEM identity,
STEM attitudes, as well as participation in and experience with such informal STEM enrichment
programs.
Overview of the Topic
There is consensus among STEM education stakeholders that all people in our society
and across the world need to have a base-level of STEM-literacy, which not only includes
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knowledge of STEM concepts, but also includes critical thinking, procedural skills and other
skills and abilities (McClure et al. 2017; National Science Board, 2019; White, 2014; Zollman,
2012). This helps people to be contributing members of a society who can make informed
decisions about their health, families, and about their lives in general. Evidence suggests that a
student’s overall k-12 formal STEM education experiences may not be sufficient enough to
foster such a degree of STEM literacy (Dierking, 2014). Thus, informal, or OST, STEM learning
opportunities can help supplement a student’s formal educational experience and can help
maintain student interest and aptitude across the STEM subjects (Liu & Schunn, 2020; Young et
al., 2017). Because OST STEM is an important contributor to student STEM beliefs, attitudes,
and academic performance, it is important to investigate various factors that may impact the
types of OST STEM opportunities that are available to students. Parents and guardians are
usually responsible for seeking and registering their student for such opportunities. Given this,
taking a closer look at the possible factors that parents value when considering OST STEM
program enrollments for their child/ren could impact informal STEM education initiatives.
Historical Framework
Now, perhaps more than ever, having an ability to discern scientific fact from non-fact is
key in our increasingly global and technologically complex society (National Science &
Technology Council, 2018). Ann Reid, the Executive Director for the National Center for
Science Education (NCSE) said in her statement prefacing the 2018 NCSE annual report:
“When students, teachers, administrators, and for that matter all community members are
confident about their ability to think like scientists, they can fight back against
misinformation by recognizing faulty reasoning, false equivalence, and other tricks aimed
at distorting scientific evidence.” (NCSE, 2018, p. 2).
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There is an obvious need for high-quality STEM education in and beyond the United
States of America, but it is also well-established that student STEM interest and ability both tend
to decline after middle school, especially for girls and underrepresented minorities (Estrada et al.,
2017). In light of this, efforts to inspire students to pursue STEM studies and career paths might
do well to target elementary-aged students. Given our nation’s enhanced emphasis on English
Language Arts and Mathematics at the elementary level, as well as a potential lack of preparation
and training across the STEM disciplines for teachers, in-service elementary teachers may be
reluctant to teach STEM content (Skamp & Mueller, 2001; Yates & Chandler, 2001). This is a
problem because young students rely on their teachers for STEM content acquisition in formal
education settings.
Teachers should have sound foundational STEM knowledge they can share with their
students and should spend adequate time and efforts teaching and exposing their students to
STEM topics during the foundational elementary years (NRC, 2011). Students may pick-up on
cues (intentional or unintentional) from their teacher and their parents about the value and
importance of STEM education. If a teacher or parent is anxious or has lower confidence about
STEM topics, this can be transferred to children, which could in turn negatively impact student
STEM education outcomes (McClure et al., 2017). All of this, along with the limited amount of
classroom time elementary teachers spend on STEM content, could be contributing to the
aforementioned declines in student STEM pursuits and provide a strong rationale for the
existence of quality informal STEM education programs for k-12 students.
Trends in STEM Education
There has been a national push for quality k-12 Science, Technology, Engineering, and
Mathematics (STEM) education, both in and out of formal school settings (National Academies
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of Sciences, Engineering & Medicine, 2021; National Science & Technology Council, 2018;
National Science Teaching Association, 2012; U.S. Department of Education, 2013). Out-ofschool (OST) STEM enrichment experiences could foster an increase in overall student STEM
knowledge, attitudes about STEM, STEM beliefs, and interest in a future STEM career (Unfried
et al., 2015). United States policymakers, legislators, and educators share in the need to increase
academic achievement for all students across all grades and subjects (National Science &
Technology Council, 2018; National Science Board, 2019). In the United States, school-aged
children are required to attend some type of formal or traditional schooling for several hours
daily, typically Monday through Friday spanning from fall through late spring, which is
approximately 36 weeks of the year; this is has been estimated to represent approximately 17%
of a student’s school hours from when they start kindergarten through completion of high school
(11,000 of 65,000 hours) (Gerber et al., 2001). Time spent in school can be considered the formal
instructional period while the remainder of the time can be referred to as out-of-school time or
OST (Young et al., 2017).
Local Educational Data
It’s important for students to have access to quality OST STEM enrichment experiences
since students may not be getting adequate exposure to these disciplines during the school day. In
2018, the average amount of time (minutes/days) that teachers spent on math and science content
in third grade across the state of Illinois (IL) was 73 and 35, respectively, neither of which is
comparable to the number of minutes spent teaching English/Language Arts (ELA) (129) in third
grade IL classrooms. Interestingly, these values balance-out somewhat by the eighth grade with
an average of 57, 51, and 77 minutes per day devoted to teaching math, science, and ELA
respectively. Dynamic Learning Maps – Alternative Assessment (DLM-AA) performance levels
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for IL third grade mathematics are surprising with nearly 70% of students at level one (entry),
16% at level two (foundational), 12% at level three (satisfactory) and 2% at level four (mastery)
(ISBE, 2021). As grade level increases, there is a tendency for these mathematics percentages
(for satisfactory and mastery performance levels) to steadily decrease from levels that are already
low; the percentages of all eleventh graders at level three and four for mathematics was only
4.9% and 0.1% respectively (ISBE, 2018).
In addition, the percent of all IL third grade students who met (level four) or exceeded
(level five) the performance expectations on the Partnership for Assessment of Readiness for
College and Careers (PARCC) test equaled 29.5% and 8.2% respectively; 14.5% of students
were at level one (not meeting expectations) and 21.9% at level two (partially meeting
expectations) and 25.8% at level three (approaching the performance expectations). These
percentages decrease for levels four and five in mathematics as students’ progress through
subsequent grades. The percent of IL high school students in 2018 who met or exceeded the
Mathematics Standards on the Student Aptitude Test (SAT) was 25.2% and 9.1%, respectively
(ISBE, 2018).
Interestingly, these percentages for high school student performance outcomes on the
mathematics portion of the SAT aligned with the 3rd grade PARCC percentages for mathematics
(ISBE, 2018). While these trends are important for one of the STEM disciplines (mathematics),
there currently are no comparable student performance data available for the other STEM
disciplines (science, technology, engineering). During the foundational years (elementary
grades), students can demonstrate significant gains in STEM-content knowledge and skills with
sufficient exposure to rigorous differentiated STEM curricula (Cotabish et al. 2013).
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Formal/Traditional School
Garcia and Weiss (2017) have noted that children are not prepared equally when starting
kindergarten; this could have an impact on their STEM education outcomes, such as STEM
achievement, STEM abilities and beliefs, STEM interest, STEM identity, and academic
performance. The National Science Board (2019) noted that as soon as children start school, and
even prior to beginning school, they are learning various STEM concepts and the quality and
success of such early experiences could affect these students’ overall STEM education outcomes
(McClure et al., 2017). In fact, teachers have been reportedly excited and eager to support early
STEM experiences and seek professional development opportunities to enhance their practice,
but often feel constrained by existing school structures and policies (McClure et al. 2017).
Further, a key difference observed among higher and lower performing students in formal school
settings actually centers on what they are doing with their time when they are out of school.
Out-of-School Time (OST) and STEM Enrichment
Plenty of evidence indicates that OST STEM activities are beneficial to students and
participation in OST STEM activities can help improve middle and high school student STEM
attitudes (Liu & Schunn, 2020; Young et al., 2017). This is particularly important for middle
school girls and middle school students at a lower socioeconomic status (SES); there is a known
trend for girls to have a decrease in STEM interest and aptitude during and after middle school
and it has been reported that a significantly smaller proportion of lower SES students are
reaching science proficiency as compared to that of higher SES students (Estrada et al., 2017;
U.S. Department of Education, 2013). According to Young et al. (2017), the goals of STEMcentered OST activities are to increase student STEM achievement, help foster an interest in
STEM, or some combination of both. Evidence indicates that students who participate in OST
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STEM programs are better problem solvers, critical thinkers, and collaborators which are
relevant skills across all environments (Young et al., 2017). These types of important skills are
not just STEM-specific either; these are transferrable skills that can be applied in a variety of
settings, professions, and real-world situations (Wismath et al., 2014).
Factors Affecting Student STEM Education Outcomes
For the purposes of this research, the phrase Student STEM outcomes refers to any or all
of the following: Student STEM achievement, Student STEM attitudes and beliefs, Student
STEM interest, Student STEM identity, as well as Student participation in extracurricular STEM
programming. Educational outcomes of students (STEM or otherwise) are more achievementbased and are dependent upon various situational factors within their own social settings
(Xie et al., 2015). According to the National Science Board (2019), U.S. student performance in
the STEM subjects has smaller achievement gaps between males and females as compared to
ethnicity and social economic status (SES), and such differences have begun to be observed in
early elementary students. While there are likely to be a number of factors that play a role in
student STEM education outcomes, there likely is no one-size-fits-all model for explaining
certain disparities (Riegle-Crumb et al., 2011). However, it is important to continue exploring
these factors and outcomes to inform various STEM education initiatives.
Student STEM Outcomes
During the foundational years in elementary grades, students can demonstrate significant
gains in STEM-content knowledge and skills with sufficient exposure to rigorous, differentiated
STEM curricula (Cotabish et al., 2013). Student STEM outcomes can include, but are not
necessarily limited to, STEM achievement or ability, Student STEM interest, and STEM
attitudes. Collectively, these outcomes produce or contribute to a student’s STEM identity, just as
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many of the aforementioned factors do as well. There is a dynamic relationship between one’s
interest in a STEM subject and their STEM ability (Su & Rounds, 2015).
Post-secondary measures represent the last chance to evaluate student STEM outcomes
since after college, these students become adult members of society. Two primary factors noted
as negatively impacting the rate at which undergraduate minority students choose a STEM
discipline to study are economic background and academic background (Wilson et. al., 2012).
These economic and academic factors simply do not start becoming an issue at the postsecondary level; we know it is a long road to college and if students are not adequately prepared
in general, but especially with regard to the STEM disciplines during their K-12 schooling
experiences, it is likely to continue affecting the rate at which students, especially minority and
other underrepresented students, pursue STEM degrees. In light of this, Friday Institute’s (2012a,
2012b) S-STEM instrument offers a valid and reliable way to measure some of these studentcentered STEM outcomes, such as STEM career aspirations, attitudes, and identity. Wilson et al.
(2012) suggested an integrated set of interventions to address the different factors which tend to
contribute to undergraduate student persistence in STEM, including the availability of a mentor
for the student(s). Mentoring could be an important aspect of quality STEM enrichment
programs at the k-12 level because it often occurs in a more relaxed setting where students might
feel more comfortable sharing and/or listening to different insights from mentors and/or program
facilitators (Wilson et. al., 2012).
Parental Influence on Student STEM Education Outcomes
Parental/family involvement is associated with positive educational outcomes for
students (Anderson & Minke, 2007; Xie et al., 2015). Mihelich et al. (2017) reported that the
degree to which parents are positively oriented toward science can significantly influence their
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children’s attitudes toward science. In an investigation of variables that influence parental
involvement at home and school, the variable of teacher invitation for parental involvement had
the largest effect on the actual involvement of parents of elementary aged students at the time of
the study (Anderson & Minke, 2007). McClure et al. (2017) recommended that parents should be
supported and provided with adequate resources because they are important to their children’s
early STEM experiences, and they are their child’s “first and most important STEM guides”
(p. 7). While these studies are important and contribute to the knowledge base pertaining to
parental influence on student STEM education outcomes, they are focused on traditional or
formal school settings and/or in-home settings. More research is needed about the role of
parental perceptions in informal or OST educational settings.
Parents have been shown to influence student math performance and persistence in
STEM (Ing, 2013; Craig et al., 2018). While students enter undergraduate and graduate level
STEM disciplines as well as STEM-related careers through varied pathways, parents who
nurture students’ STEM development can play an important role in such student pursuits (Craig
et al., 2018). Ing (2013) studied the role of parental motivation in child achievement in math and
child persistence in STEM and reported that there is a positive relationship between
“mathematics-specific, intrinsically focused parental motivational practices and growth in
mathematics achievement and persistence in STEM careers.” (p. 87). Overall, however, there
have been few studies found that have specifically addressed how STEM experiences of parents
affect the STEM attitudes and beliefs of their children (Mihelich et al. 2017; Gunderson et al.,
2011). Further, this researcher did not discover any studies or reports on how parental
perceptions of their child’s STEM attitudes have influenced a family’s pursuit of OST STEM
opportunities or how well aligned parents and students are regarding STEM attitudes and beliefs.
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Literature Specific to Research Questions
To create a better understanding of what motivates parents to seek OST STEM programs
and activities for their child/ren and how well aligned parents and children are with regard to
student STEM attitudes and beliefs, the following research questions and null hypotheses guided
this literature review and study.
Research Questions
Research Question 1. Do parents rate the importance of certain factors more highly than
others when considering STEM enrichment program enrollments for their children? (Part 1)
Ho1. There is no difference in the parental ratings about the importance of various factors
when considering STEM enrichment program enrollments for their children.
Previous studies have investigated the role of parental influence on a student’s STEM
aptitude and/or STEM career interest, and other factors; however, usually these assessments
occur after students are already registered for or have completed a particular STEM enrichment
program or by studying family activities and ongoing strategies, such as conversations, play, and
reading (Anand & Dogan, 2021; Halim et al., 2018; Maiorca et al., 2021; Perera, 2014; Relkin et
al., 2020). These studies are sometimes focused on one particular STEM area, such as math or
robotics, and data were obtained via post-program surveys and/or observations of the family
interactions during the event (Relkin et al., 2020). While is it clear that parents do influence their
child’s STEM attitudes, behaviors, aptitude, and interest and that certain factors such as program
cost, parent education level, and socioeconomic status might play a role in the types of
opportunities to which their children have access, it is not clear if some factors play a greater role
than others when parents are seeking these types of STEM enrichment opportunities for their
child/ren (Archer & DeWitt, 2017). Interestingly, results from Liu & Schunn (2020) indicated
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that STEM camps had no influence on attitudinal measures and may have a “significant negative
impact on students’ general scientific abilities” (p. 14). Nevertheless, they also noted this result
was inconsistent across their models and contradicts results from other studies (Liu and Schunn,
2020). Liu & Schunn (2020) also found possible disparity in overall quality of STEM camps
studied to date and suggested their study may be more representative of the “average camp
experience” (p. 18). However, home-related science experiments had a positive impact on
student interest in science, how science is valued, and how well students think they can do
science (Liu & Schunn, 2020).
Limited research to date has studied factors that motivate parents to seek informal STEM
education enrichment programs for their children, but Milner-Bolotin and Marotto (2018)
investigated a research question addressing parental motivation to engage their child in STEM
education. In their 2018 study, Milner-Bolotin and Marotto determined that the majority of the
parents surveyed (93.1%, n=29) reported they were motivated to engage their child/ren in STEM
education because STEM has many applications in everyday life, and another near 90% reported
they are motivated because STEM provides interesting ways to learn about the world. While
many would agree that these are important motivational reasons to pursue STEM education, the
2018 Milner-Bolotin and Marotto study did not address program-specific factors that could
impact parents’ motivation to pursue STEM enrichment activities for their child, as this current
study attempted to achieve.
Despite the well-documented impact that OST STEM programs and activities have on
student STEM attitudes and beliefs as well as their academic performance, among others, this
literature review discovered that there has not been a significant amount of research published to
date specifically examining the factors that parents value in general, when considering STEM
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enrichment opportunities for their child/ren. Further, an interesting idea this researcher aimed to
explore centered on one particular idea: how well-aligned is the parent’s perception of their
child’s STEM attitudes to the child’s actual STEM attitudes, which was investigated in this study
via Research Question 2.
Research Question 2. How well do parent perceptions of his/her child’s attitudes toward
Science, Technology, Engineering and Mathematics align with the child’s actual attitudes?
Ho2. There will be no difference between the parent’s perceptions of their child’s STEM
attitudes and the child’s actual STEM attitudes.
Similar to the literature review for Research Question 1, this researcher found few studies
that specifically examined alignment between parent and student STEM attitudes and beliefs.
However, a number of studies reviewed similar questions addressing parental perceptions of their
child’s STEM abilities. According to research conducted by Simpkins et al. (2005) which
examined associations between parental behaviors and their elementary school aged children’s
participation in OST STEM activities, parental behavior has a strong, positive effect on
predicting their children’s participation in OST STEM activities. In addition, many of the studies
focused on math, indicating there is a gap in the literature surrounding informal general STEM
education as well as parent-student alignment of student STEM attitudes and beliefs. Gunderson
et al. (2011) found that a parent’s beliefs about a child’s math ability is a strong predictor of how
the child sees him or herself regarding their own math ability and is even more of a predictor
than the child’s actual math performance. This could be problematic if the parent’s actions are
based on beliefs founded on misconceptions, misunderstandings, bias, or some combination of
all of these factors which could have strong implications for STEM Education (McClure et al.,
2017). Despite the impact of certain parental characteristics on student STEM attitudes and
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beliefs, as well as their academic performance, among others, this literature review discovered
that there has not been a significant amount of research published to date specifically examining
how a parent’s perceptions of their students STEM attitudes and beliefs align with the child’s
actual STEM attitudes and beliefs.
Summary
Given the need for k-16 schools to matriculate students who are capable and talented in
the Science, Technology, Engineering, and Math (STEM) fields, and formal educational settings
are not enough on their own to promote lifelong STEM literacy, OST STEM experiences can be
an important means to that end (Dierking, 2014; Margot, 2017; National Academies of Sciences,
Engineering & Medicine, 2021; National Science & Technology Council, 2018; National Science
Teaching Association, 2012; U.S. Department of Education, 2013; Young et al., 2017). A
student’s STEM beliefs and attitudes can impact his/her/their academic performance and future
college and career paths. Out-of-school (OST) STEM enrichment experiences can help foster an
increase in overall student STEM knowledge, attitudes about STEM, STEM beliefs, and interest
in a future STEM career (Regan & Dewitt, 2014). Parents are likely to play a significant role in
the OST experiences to which their children have access and exposure since often it is the
parents’ responsibility to register and/or enroll their children for such programs. There is a
considerable gap in the literature pertaining to which factors valued by parents when considering
OST STEM enrichment programs and activities for their child(ren). There is currently limited
knowledge regarding how a parent’s perception of their student’s STEM attitudes and beliefs
aligns with the students’ actual STEM attitudes and beliefs. This research seeks to contribute to
the knowledge base which informs local and national initiatives surrounding informal STEM
education.
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Chapter 3: Methodology
Current trends in education indicate a need for STEM education in both formal and
informal settings. Informal settings may not always be immediately accessible to or enjoyed by
all students and their families. The purpose of this research was to identify factors that parents
value regarding the out-of-school (OST) science, technology, engineering, and mathematics
(STEM) enrichment opportunities for their children in Illinois and to examine how well-aligned
parent and student answers are to 37 S-STEM survey questions (Friday Institute, 2012a; Friday
Institute, 2012b).
Purpose of the Study
The purpose of this research was two-fold: 1) to develop a new instrument that can be
used to explore factors which might contribute to parental choice regarding out-of-school time
(OST) science, technology, engineering and mathematics (STEM) enrichment experiences for
their children in Illinois and 2) to adapt and use an existing instrument to assess the degree to
which parental perceptions of their child(ren)’s STEM attitudes and beliefs align with the child’s
actual STEM attitudes and beliefs.
Independent and Dependent Variables
The independent variables for Part I were the questions within the novel STEM-PPQ
instrument. This new instrument was used to quantitatively measure the dependent variables,
which were the parental ratings of various STEM program factors. This study explored the
degree to which parents value different factors when considering STEM enrichment programs
for their children. The STEM-PPQ responses from the parent participants provided the data for
Part I of this study. The independent variables for Part II were the questions within the newly
adapted instrument, the PPS-STEM, which quantitatively measured parental perceptions of their
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child’s STEM attitudes. The original instrument, Friday Institute’s (2012a, 2012b) S-STEM
Survery, both for upper elementary students and middle-high school students, was a second set of
independent variables in Part II and was implemented to the children of the parent participants to
measure a second dependent variable. The second Part II dependent variable was the children’s
responses to Friday Institute’s (2012a, 2012b) S-STEM items, which measured their actual
STEM attitudes. The S-STEM survey responses from the child/ren of the parent participants, and
the PPS-STEM responses from the parents provided the data for Part II of this research. Validity
and reliability analyses of the PPS-STEM were also conducted during this study. Data for both
Parts I and II were collected to evaluate factors that parents may consider important when
pursuing STEM enrichment opportunities for their children, as well as to determine how well the
parent’s perceptions of their child’s STEM attitudes align with the child’s actual STEM attitudes.
Threats to Internal and External Validity
There was an internal validity threat of selection based on the use of a convenience
sample in this study which may have affected the results. Therefore, an effort was made to
quantitatively explain these effects on this study. There was an internal validity threat of
selections and interactions, since there could be differences between participants’ parent-child
relationships; for example, there may have been some parents who were naturally more in-tune
with their child’s needs and interest than others, which could impact how well-aligned that
parent’s perceptions are to their child’s actual STEM attitudes.
There was an internal validity threat of maturation and the difference in experience of
younger students compared to older students which could also have had an effect on results in
student achievement. This potential issue of maturation was addressed by using the two existing
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versions of the S-STEM instrument, an upper elementary version, and a middle/high school
version.
There was an external validity threat of setting and treatment due to these data being
obtained from families who had participated in a particular STEM enrichment program located
in a suburban setting; thus, these results may not be generalizable to other settings. In an attempt
to broaden the impact of the results, this researcher studied parents and children across a wide
range of grades including the third through eighth grades because these could be considered as
the formidable years of STEM attitude/interest development. It is important to know how well
parents’ perceptions align with his/her child(ren)s’ attitudes at these developmental times.
Research Design
A quantitative cross-sectional survey design was implemented in succession to parents
and students. This study had two parts: Part I addressed Research Question 1 to assess how
different factors parents may value when it comes to OST STEM enrichment opportunities for
their child(ren); Part II addressed Research Question 2 which investigated alignment of parental
perceptions of their student’s STEM attitudes with the student’s actual STEM attitudes. This was
a cross-sectional study since it was implemented at a single point in time to the study participants
(Creswell & Guetterman, 2019).
In Part I, a new survey tool was designed and implemented to parents of children in third
through nineth grade who had participated in one or more STEM enrichment programs
headquartered at a school in a Chicago metropolitan area in Illinois within three years prior to
this study. This new tool quantitatively measured the degree to which different factors are valued
by parents when it comes to considering OST STEM enrichment opportunities for their
child(ren). The tool was named the STEM-Program Parent Questionnaire (STEM-PPQ). The
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STEM-PPQ questions developed for this part of the study were used in conjunction with another
survey during Part II, but it could be implemented on its own for future studies.
During Part II of this research parental perceptions of their child’s STEM attitudes and
beliefs were explored more deeply. Since parental perceptions may play a role in the choices
parents make about OST STEM experiences for their children, both parents and their children
were invited to participate in the study. All parent and student survey questions were combined
into one survey so parent and student data could be linked without the collection of personal
identifying information from study participants. A single population of parents, along with their
children (the students), completed a survey in succession; the survey had four parts across two
sections, as shown in Figure 1.

Figure 1. Parent and Student Sections of the Survey Relating to Each Research Question
Survey Monkey was used to implement all parts of the survey illustrated in Figure 1 to
both parents and their children. The first section of the survey was for parents and had two parts;
survey Part Ia included demographic questions and the new STEM-PPQ developed in Part I of
this research while survey Part Ib included another survey that was adapted from an existing
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instrument, known as the S-STEM instrument and assesses student attitudes toward Science
Technology Engineering and Math (STEM) (Friday Institute, 2012a, 2012b). The second section
of the survey was for students, the children of parental participants, and had two parts: survey
Part IIa included demographic questions and survey Part IIb was the original Friday Institute
(2012a, 2012b) S-STEM questionnaire. Parents completed both Part Ia and 1b of the survey
consecutively in one sitting, followed by the students, completing parts 2a and 2b of the survey.
The children of these parents were prompted by their parents to compete the student section of
the survey featuring demographic questions and Friday Institute’s (2012a, 2012b) S-STEM
survey questions immediately after parents had finished the parent section of the survey. This
procedure allowed this researcher to study the same population of parents for Part I and Part II of
this study and allowed the student and parent responses to be linked without collecting any
personal identifying information.
This study used a convenience sample of both parents and students to assess the initial
validity and reliability of these new and adapted parental survey instruments. There are two
versions of Friday Institute’s (2012a, 2012b) S-STEM instrument; one version is more
appropriate for older students in middle-school through high school (MHS, grades 6-12), and one
is for younger students in upper elementary school (UE, grades 4-5). Both versions of the
S-STEM instrument have been validated by Unfried et al. (2015) and were determined to be
highly reliable with a Cronbach’s alpha of 0.89-0.92 for the MHS version and 0.83-0.87 for the
UE version. Each version of the S-STEM instrument was adapted for the parent participants in
this study and was used to capture the parent’s perception of their child’s STEM attitudes. In
addition to assessing the parental perceptions during Part II, their students were surveyed via
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implementation of the appropriate Friday Institute (2012a. 2012b) S-STEM instrument,
depending on the student’s grade level at the time of the study.
Participants
Demographics
The primary setting of the study was a Chicago, Illinois metropolitan area where the
STEM enrichment programs are headquartered and from where the convenience sample of
families was drawn. The STEM enrichment program site was kept anonymous. According to the
U.S. Census Bureau (2019), there was a population of approximately 200,965 individuals at the
time of this study in this city. The majority of the population was Hispanic or Latina (42.9%),
following by Whites (37.1%), Black or African Americans (10.3%), Asians (8.1%), and other
(1.6%). Over one-third (37.1%) of the entire population was represented by children, 18 years
old and younger. From those in the population who were 25 years old and older, 76.4% had at
least a high school diploma and 31.3% had a at least a bachelor’s degree. The median household
income was $66,848 and 13.1% were classified in the poverty category. The demographics of
this study’s sample may have differed from the primary setting because there were families that
register for and participate in the STEM enrichment programs who live in areas/towns/suburbs
outside of the immediate area where the STEM programs are headquartered.
Participant Selection
The target population for this study was families whose children had participated in a
particular set of STEM enrichment programs over the past three years. The target population was
a group of 2,638 families, from which a random sample of 1,513 individual parents was selected
to be sent an email with an invitation to participate in the study. Of these 1,513 parents who were
emailed as part of the random sample, 92 parents clicked the survey link and attempted to begin
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the survey which is a response rate of approximately 6%. Of these 92 parents, 77 parents
(83.7%) participated by completing questions in Part Ia of the parent section of the survey and 65
parents (70.65%) fully completed both Part Ia and 1b of the parent section of the survey.
Children of these parent participants were also invited as student participants, but there was some
attrition; not all survey responses included both parent and student responses. Of the 65 parents
who had fully completed the parent sections of their survey (Part Ia and 1b), 59 students
(90.77%) attempted to complete the student section of the survey (Part IIa and 2b), with 55
students (84.62%) fully completing both student sections of the survey. There was no preference
given to gender, race, socioeconomic status, or other demographic categories for any of the
participating children or their parents; given this was a convenience sample, there was some
variation among all participants across these categories.
Eligibility criteria included families that had at least one child in the household who was
in elementary through middle school (ranging from 3rd grade through 9th grade) at the time of
this study (late summer/early fall 2020). The eligibility criteria were chosen to ensure
respondents had a child/ren about whom they could actively consider enrolling in a STEM
enrichment program targeted at children in those grade levels, and therefore could actively think
about and answer the questions pertaining to this topic. At these grade levels, students typically
receive at least a full year of science and mathematics per grade level, with technology and
engineering incorporated in a variety of ways, as indicated by the Next Generation Science
Standards for grades k-12. For example, third grade students may have an engineering project
during their science class or use a computer/technology during their English Language Arts or
mathematics class. As students’ progress onward in grade levels and approach middle school,
there could be additional opportunities for classes in technology and engineering, but students in
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these grades tend to have regular exposure to mathematics and science during all grades
addressed in this study.
Measures - Quantitative Analysis
The survey implemented in this study featured questions from three surveys, two for
parents, one for students. These included the new STEM-PPQ (Part I), the adapted PPS-STEM
(Part II-parents) and the S-STEM (Part II-students). The PPS-STEM was based on the previously
published S-STEM survey, a validated and reliable instrument used to assess student STEM
attitudes and STEM career interests in upper elementary through high school students (Friday
Institute, 2012a and 2012b; Unfried, et al. 2015). The original Friday Institute (2012a, 2012b) SSTEM instrument includes 37 Likert-scale questions across four categories (Math, Science,
Engineering and Technology and 21st Century skills) as well as 12 additional questions related to
the students’ future career interests (see Appendix B notation). Since this research aimed to
address factors that influence parental decisions regarding STEM enrichment opportunities for
their children, and one of the factors in this study, the parental perceptions of their child’s STEM
attitudes, were of particular interest to this researcher, this instrument was appropriate to use and
adapt for this study.
Variable
Factors that affect parental
decisions

Instrument
Implementation
STEM Program Parent
Part I
Questionnaire (STEM-PPQ,
new questions)
Parental perceptions of their
PPS-STEM (adapted from
Part II
child’s STEM attitudes
S-STEM questions)
Student STEM attitudes,
S-STEM, upper elementary
Part II
grades 3-5
(Friday Institute, 2012b)
Student STEM attitudes,
S-STEM, Middle-high School
Part II
grades 6-8
(Friday Institute, 2012a)
Figure 2. Variables with Corresponding Survey Instrument and Study Phase
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Figure 2 identifies the variables, corresponding survey instrument, and timing of
implementation of each instrument during this study. Using the STEM-PPQ to examine factors
that parents value regarding STEM enrichment enrollment opportunities for their children was
accomplished in Part I. This STEM-PPQ included 21 questions total, with four primary questions
including five statements each for parents to rank the degree to which certain factors are
important when considering STEM enrichment programs for their child(ren); ranking was done
using a Likert scale of 1-5. The STEM-PPQ was piloted in Part I of this study with
corresponding validity and reliability analyses determined for the four rating questions in this
new instrument which was found to be reliable with a Cronbach’s alpha value of 0.756 overall,
as measured against the values of 0.7-1.0 or > as reliable. Within the STEM-PPQ, there were 20
Likert-style rating questions that were divided across four questions, each addressing a different
category; subsequent reliability analyses were conducted for each of these four question
categories. The first category (STEM Program Characteristics) addressed by question 12 (Q12)
had a low Cronbach’s alpha (0.382) while the remaining three categories (STEM program
logistics from question 14 (Q14), Parent STEM beliefs from question 16 (Q16), and parent
perception of child’s STEM beliefs from question 18 (Q18) were found to be acceptable for a
pilot study (Q14=0.688, Q16=0.691, and Q18=0.897). While a Cronbach’s alpha value less than
0.65 is usually grounds for removal from analyses, this researcher chose to include the first
question category (Q12) in this analysis, given the overall Cronbach’s alpha was 0.76 and this
was a pilot study using the newly developed instrument.
For Part II, each version of the S-STEM instrument (younger version for upper
elementary students, or UES-STEM and older version for middle-high school students, or
MHS-STEM) was adapted slightly to create the PPS-STEM to measure parents’ perception of
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their child’s STEM attitudes. The 37 questions from the original S-STEM survey (Friday
Institute, 2012a, 2012b) were changed slightly to be reflect the wording necessary to capture the
perspective of the parent. For example, one question on the original S-STEM instrument reads:
Math is hard for me. This question was adapted for the PPS-STEM to capture the parent’s
perception of their student’s STEM attitudes and became Math is hard for my child. The
PPS-STEM, the adapted version of Friday Institute’s (2012a, 2012b) S-STEM, was used in Part
II to measure the parent’s perception of their child’s STEM attitudes. The Friday Institute
(2012a, 2012b) S-STEMs were used in their original published form during Part II to assess
student STEM attitudes by having students rank the degree to which they agree or disagree with
various statements using a five-point Likert scale.
Procedures
This two-part study implemented a quantitative cross-sectional survey design to address
two research questions. An advantage of this type of design is that measures current attitudes of
participants (Creswell & Guetterman, 2019). A cross-sectional design “compares two or more
educational groups in terms of attitudes, beliefs, opinions, or practices. These group comparisons
may align students with students, students with teachers, or students with parents, or they may
compare other groups in educational and school settings” (Creswell & Guetterman, 2019,
p. 387). Parental opinions regarding STEM enrollment decisions they make for their children
were collected during Part I, in addition to an evaluation of parental perceptions of his/her child’s
STEM attitudes as compared to the child’s actual STEM attitudes during Part II.
This study was approved for implementation by the University of St. Francis Institutional
Review Board (IRB) as shown in Appendix A. A quantitative approach was implemented in Part
I and addressed Research Question 1: Do parents rate the importance of certain factors more
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highly than others when considering STEM enrichment program enrollments for their children?
A series of Likert-like questions were developed to identify factors that are valued by parents
regarding STEM enrichment enrollment decisions for their child/ren. These data measured the
dependent variable of parental attitudes and opinions at a single point in time. The independent
variables addressed by the first research question included the STEM-PPQ survey questions
addressing several possible factors that parents may value when considering STEM program
enrollment opportunities for their children to participate in STEM enrichment programs, while
the dependent variable was the parent’s actual opinions (Likert ratings of each statement).
Part II was a quantitative follow-up that addressed Research Questions 2: How well do
parent perceptions of his/her child’s attitudes toward Science, Technology, Engineering and
Mathematics align with the child’s actual attitudes? A comparative cross-sectional survey design
was implemented during Part II to first measure two separate dependent variables: 1) parental
perceptions of his/her child’s STEM attitudes; and 2) the child’s actual STEM attitudes. The first
independent variable for Part II is the PPS-STEM, adapted from Friday Institute’s (2012a,
2012b) S-STEM survey for purposes of this study. The second independent variable for Part II is
Friday Institute’s (2012a, 2012b) original S-STEM which measures the children’s actual STEM
attitudes.
Students in this study were in third through nineth grade and were asked to rate the
degree to which they agreed with various statements relating to the STEM disciplines and their
respective abilities in those disciplines. A sample of parents who had previously registered their
child(ren) in a particular set of STEM enrichment programs were contacted via email which
included a link for them to access the survey, for themselves and their child/ren, along with an
invitation to participate in this study. After answering a few non-identifying demographic
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questions, the parent was prompted to complete the parent section of the survey which included
the STEM-PPQ (Part Ia of the survey) and the PPS-STEM questions (Part Ib of the survey).
Once the parent completed the parent section, he/she was prompted to have his/her child
complete the next section, the S-STEM questions, as appropriate for that child’s age/grade level.
These data were automatically linked together to complete the analysis related to the second
research question, since one survey submission included both the parent’s and the child’s
independent survey answers. The rate of return for subject participation was about 5%; 55 of
1,513 families who were invited to participate completed both sections of the survey for parents
and students.
Research Question 2 was evaluated during Part II of this study and addressed how well
the parents’ beliefs or perceptions of their student’s STEM attitudes aligned with his/her child’s
actual STEM attitudes. To answer this question, data for parents and students were collected.
After the two measures including the parent perception of their child’s STEM attitudes and the
child’s actual STEM attitudes were completed individually but sequentially (parent first, then
child), how well-aligned the parental responses were to that of their child was evaluated.
The following figure identifies the two parts of this research design, respondents,
variables, and associated types of data analyses.
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Figure 3. Summary of Research Design and Data Analysis
Study Procedures Timeline
After receiving necessary approvals related to conducting this study, the researcher
completed the following steps:
i. Identified student STEM attitudes survey instrument (Spring 2019)
ii. Created parent questions for STEM-PPQ implemented during Part I
(Spring 2019)
iii. Obtained dissertation advisor permission to execute study (Fall 2019)
iv. Obtained permission from Friday Institute (2012a, 2012b) to adapt and use
S-STEM (Fall 2019)
v. Created adapted version of PPS-STEM
vi. Created surveys using Survey Monkey which included all instruments
(STEM-PPQ, PPS-STEM and S-STEM) (Winter 2020)
vii. Created spreadsheets to track data (Winter 2020)
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viii. Contacted families to explain study/recruit participants (Winter 2020)
ix. Obtained IRB exemption to begin the study (Spring 2020)
x. Administered surveys to parents and students (Spring 2020)
xi. Compiled data (Summer 2020)
xii. Analyzed data (Fall 2020)
xiii. Wrote and revised dissertation (Spring 2021-Fall 2021)
Data Analysis
This quantitative study involved implementation of a survey that included a combination
of new, adapted, and existing surveys. The probability alpha level was set at p ≤ .05 for the
statistical analyses and SPSS version 26 was used for data analyses. Descriptive tests determined
the means and standard deviations, one-sample t-tests and independent samples t-tests evaluated
the factors studied in Part I; the one-sample t-tests compared average parent responses of each
category’s statement (factor) to the overall composite average of the whole category (five
statements/factors per category) while the independent samples t-test compared responses of
mothers and fathers to the 20 STEM-PPQ Likert questions across four categories. This approach
was chosen because a category of Likert questions that is internally consistent with a good
Cronbach’s alpha can be treated as scalar for t-tests and is generally accepted by statisticians
(Demas, Personal Communication). Furthermore, according to Jeffery Franc (n.d.) at Stat59
“There is very good evidence that aggregates of rating scales can be analyzed as continuous
data.” When SPSS analyses resulted in significant differences, the effect size was determined
using the University of Colorado at Colorado Springs Cohen’s d effect size calculator (Becker,
2000).
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In Part II, independent samples t-tests determined whether there were significant
differences in the average parent and average student ratings for each of the four S-STEM
categories (Math, Science Engineering/Technology, and 21st Century Skills). To determine how
well-aligned parent and student responses to the PPS-STEM and S-STEM survey questions,
respectively, a Chi-square test was performed for each of the 37 S-STEM items using SPSS
version 26 (IBM, 2019). The resulting Phi values indicated the effect size of any significant
differences. To evaluate and visualize how well-aligned the student and parent Likert ratings
were for the S-STEM and PPS-STEM respectively, the rank value for each rating was summed
for all 37 S-STEM items overall and for each category (Math, Science, Engineering and
Technology, and 21st Century Skills). This summation was referred to as the S-STEM Score for
both parents and students. Summated rating scales are used frequently in social science research
(Spector, P., 2012).
According to Spector (2012) as long as the instrument has the following four
characteristics, summation of the ratings is an acceptable approach: 1) the instrument must
contain multiple items, 2) the items measure a property that can vary quantitatively (such as an
attitude or opinion), 3) items have no correct or incorrect answers, and 4) items on the scale are
written as statements, with respondents giving ratings for each statement. The instruments used
in Part II of this study satisfy all four of these requirements. The possible range of total scores
was 37-185, since it was a five-point Likert scale. A paired samples t-test was conducted to
compare the mean parental S-STEM scores to that of the students and the effect size of any
significant differences was determined using the University of Colorado at Colorado Springs
Cohen’s d effect size calculator (Becker, 2000). To determine the relationship between the
student’s S-STEM score and that of their parents, a Pearson’s correlation was performed for the
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total S-STEM scores and also for the S-STEM subcategories of Math, Science,
Engineering/Technology and 21st Century Skills.
The following research questions and null hypotheses were examined in this study.
Research Questions and Null Hypotheses
Research Question 1. Do parents rate the importance of certain factors more highly than
others when considering STEM enrichment program enrollments for their children?
Ho1. There is no difference in the parental ratings about the importance of various factors
when considering STEM enrichment program enrollments for their children
In the first part of the study, the first research question was addressed via a quantitative,
cross-sectional survey design to identify factors that could influence parental motivation to enroll
child/ren in STEM enrichment programs. The independent variables were the questions from the
new STEM-PPQ instrument, for which parents rated how important these different factors are
when making enrollment decisions for their children to participate in STEM enrichment
programs. The dependent variable was the parental opinions (ratings of each STEM program
characteristic). To analyze the data, descriptive results were gathered from the survey instrument.
The quantitative questions included Likert-style questions with ratings from 1-5 with 1=Strongly
Disagree and 5=Strongly Agree. The data specifically analyzed were the ordinal ratings of those
parents who willingly completed the survey. The compute variable was used in the Statistical
Package for the Social Sciences (SPSS), Software Program (version 26) to average the responses
which changed the ordinal responses to scalar numbers (IBM, 2019). Frequencies and crosstabs
were used to analyze the descriptive statistics with the one-sample t-test used to determine if
there were significant differences in the averaged means of these ratings while independent
samples t-tests were used to determine if there were significant differences between the category
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averages for both groups (older/MHS S-STEM and younger, or UES S-STEM groups) as well as
between parents who identified as mothers and fathers. When significant differences were
detected, the effect size was determined using the University of Colorado at Colorado Springs
Cohen’s d effect size calculator (Becker, 2000).
Research Question 2. How well do parent perceptions of his/her child’s attitudes toward
Science, Technology, Engineering and Mathematics align with the child’s actual attitudes?
Ho2. There will be no difference between the parent’s perceptions of their child’s STEM
attitudes and the child’s actual STEM attitudes.
In the second part of the study, the second research question was addressed via a
quantitative, cross-sectional survey design to evaluate parental perceptions of their child’s STEM
attitudes and their child’s actual STEM attitudes. There were two independent variables, one for
the parents and one for the students. The parental independent variable was the PPS-STEM,
adapted from Friday Institute’s (2012a, 2012b) S-STEM instrument. The student independent
variable was the existing S-STEM instrument (Friday Institute, 2012a, 2012b). There were also
two dependent variables: the parental perceptions of their student’s STEM attitudes as measured
by the questions on the PPS-STEM instrument and the student’s actual STEM attitudes, as
measured by Friday Institute’s (2012a, 2012b) S-STEM instrument. Parental responses for each
question were compared with their child’s responses to the age-appropriate S-STEM instrument
using an independent samples t-test for survey questions addressing three STEM categories
(Math, Science, Engineering/Technology) and 21st Century Skills. The data specifically analyzed
were the ordinal ratings of those parents and students who willingly completed the survey. The
compute variable was used in the Statistical Package for the Social Sciences Software Program
(SPSS version 26) to average the responses which changed the ordinal responses to scalar
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numbers within each of the four categories of questions: Math, Science,
Engineering/Technology, and 21st Century Skills (IBM, 2019). Frequencies and crosstabs were
used to analyze the descriptive statistics with the independent-sample t-test used to determine if
there were significant differences in the averaged means of these categorical ratings while
Chi-square tests were used to determine if there were significant differences between the ratings
of each question between parents and students. The resulting Phi values indicated the effect size
of any significant differences. To evaluate and visualize how well-aligned the student and parent
Likert ratings were for the S-STEM and PPS-STEM respectively, the rank value for each rating
was summed for all 37 S-STEM items overall and for each category (Math, Science, Engineering
and Technology, and 21st Century Skills). Paired samples t-tests determined if there were
significant differences between the parent’s total S-STEM score and that of their student with a
Cohen’s d analysis to determine the effect size of any significant differences. Pearson correlation
was also performed to evaluate the relationship between parent and student responses to each of
the respective 37 S-STEM items.
Summary
These methods investigate the potential for important considerations between STEM
enrichment, Parental Perception, and Student STEM attitudes to be investigated. A new survey
tool was developed, and an adapted version of an existing instrument was also created. The study
included an investigation of two exploratory questions with a quantitative approach.
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Chapter 4: Analysis of the Data
Introduction
The purpose of this research is two-fold: 1) to develop a new instrument that can be used
to explore factors that parents value regarding out-of-school time (OST) science, technology,
engineering and mathematics (STEM) enrichment experiences for their children in Illinois and 2)
to adapt and use an existing instrument to assess the degree to which parental perceptions of their
child(ren)’s STEM attitudes and beliefs align with the child’s actual STEM attitudes and beliefs.
This study is important because it could inform STEM enrichment programs about parental
perceptions that affect the enrollment decisions they make for their children. The outcomes of
this study could also help inform local and national initiatives surrounding informal STEM
education.
Survey Data
A quantitative cross-sectional survey design was implemented to parents and their
children who, as of Fall 2020, were entering grades three through nine (e.g. students who have
completed grades two through eight). Parents answered questions in the first half of the survey
and then their child, also referred to as students herein, answered questions in the second half of
the survey. In the parental section of the survey, there were demographic questions, new
questions which were developed as a part of the STEM Program Parent Questionnaire
(STEM-PPQ), as well an adapted version of Friday Institute’s (2012a, 2012b) S-STEM
instrument. The STEM-PPQ questions were developed to quantitatively assess the degree to
which certain factors are important to parents when making STEM program enrollment decisions
for their child/ren while the Friday Institute (2012a, 2012b) was adapted to measure the parent’s
perception of their child’s STEM attitudes and beliefs.

PARENTAL OPINIONS AND PERCEPTIONS IN INFORMAL STEM EDUCATION

55

In the STEM-PPQ, there were a total of 21 questions, with four quantitative questions
that each included five Likert-style statements (totaling 20 statements) about STEM program
characteristics as well as STEM attitudes and beliefs. Parents ranked each of these 20 statements
on a scale of 1-5.
Table 1
Cronbach’s Alpha Analyses of 20 Rating Scale Items on STEM-PPQ Instrument – Overall and by
Question Category
Cronbach's Alpha
Analysis

Cronbach's

Based on

N

Alpha Standardized Items

of Items

Overall

.756

.794

20

Q12 (STEM program characteristics)

.382

.381

5

Q14 (STEM program Logistics)

.688

.694

5

Q16 (Parent STEM Beliefs)

.691

.749

5

Q18 (Parent perceptions of child STEM beliefs)

.897

.899

5

Table 1 shows that overall, these four STEM-PPQ question categories have a high level
of internal consistency, as determined by a Cronbach’s Alpha of 0.756. When examining internal
reliability for each question category, all but Q12 (STEM Program Characteristics) had
Cronbach’s alpha values at or above an acceptable range of >0.650 for a pilot study.
The original Friday Institute (2012a, 2012b) S-STEM instrument has two different
versions: one for younger students in upper elementary levels through grade five (UES-STEM)
and one for older students in grades six and above (MHS-STEM). These S-STEM surveys have
been evaluated for validity and reliability via exploratory factor analysis (EFA), construct
validity, content validity via STEM/subject matter experts (SME), item-level content validity
ratios (CVR) via Lawson’s CVR as well as internal consistency with Cronbach’s alpha values
ranging from 0.83-0.92 for the two versions (Unfried, et al., 2015). During this research, the
parent section of the survey featured adapted versions of Friday Institute’s (2012a, 2012b)
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S-STEM instruments which were used to measure parent perception of their child(ren)s’ STEM
attitudes (the adapted tool was named PPS-STEM). During the student section of the survey used
in this study, Friday Institute’s (2012b) original Upper Elementary S-STEM version
(UES-STEM) and the Institute’s (2012a) Middle-High School S-STEM (MHS-STEM) were
implemented to children of the parent respondents to measure the child’s actual STEM attitudes
and beliefs. Both the adapted version of the S-STEM tool used with parents (PPS-STEM) in this
study and Friday Institute’s original (2012a, 2012b) S-STEM used with the students in this study
were evaluated and found to have had a high level of internal consistency for both groups
(parents and students) across both versions of the instrument (UES-STEM, for younger students
and MHS-STEM, for older students) as determined by Cronbach’s Alpha values ranging from
0.860-0.914 in Tables 2 and 3.
Table 2
Cronbach’s Alpha Analyses of 3-5 S-STEM Items
Cronbach's Alpha Based
3-5 Survey Section
Cronbach's Alpha
on Standardized Items
N of Items
Parent*
.900
.909
56
Student**
.914
.916
56
*Parent items were adapted from Friday Institute (2012a, 2012b)
**Student items were not modified and represented original Friday Institute (2012a, 2012b) S-STEM items

Table 2 shows that the adapted PPS-STEM and Friday Institute’s original Upper
Elementary (UE) S-STEM (2012) both have a high level of internal consistency, as determined
by a Cronbach’s Alpha of 0.900 and 0.914, respectively. These results are in line with that of
Unfried, et al.’s (2015) study, which resulted in a Cronbach’s alpha of 0.83-0.87 for the UE
version of the S-STEM instrument.
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Table 3
Cronbach’s Alpha Analyses of 6-8 S-STEM Items
Cronbach's Alpha Based
Survey Section
Cronbach's Alpha
on Standardized Items
N of Items
Parent*
.860
.883
60
Student**
.914
.917
60
*Parent items were adapted from Friday Institute (2012a, 2012b)
**Student items were not modified and represented original Friday Institute (2012a, 2012b) S-STEM items

Table 3 shows that the adapted PPS-STEM and Friday Institute’s original Middle School
and High School (MHS) S-STEM (2012) both have a high level of internal consistency, as
determined by a Cronbach’s Alpha of 0.860 and 0.914, respectively. These results are in line with
that of Unfried, et al.’s (2015) study, which resulted in a Cronbach’s alpha of 0.89-0.92 for the
MHS version of the S-STEM instrument.
After both parent and child sections of the survey were completed, data were compiled,
and descriptive statistics were used to identify characteristics of all survey respondents including
parents and their children. Along with an analysis of the STEM-PPQ results, a quantitative
comparison of how well-aligned the parents and their child/ren ensued. The data from the first
section of the parent survey were grouped based on demographics and the remainder of the data
from the surveys were split into two groups for the parent-child comparisons: Parents and
Students. If significant differences were detected between respondents of the upper elementarylevel participants who were entering grades three through six, as of Fall 2020 and the middle
school-level students entering grades six through nine as of Fall 2020, results were reported
separately.
The ordinal data from the STEM-PPQ were summarized and evaluated for statistical
significance between the two groups of respondents, those completing the older and younger
versions of the S-STEM instruments, as well as between parents who identified as mothers as
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compared to those who identified as fathers, using an independent samples t-test. The ordinal
data resulting from the parent respondents, who completed the adapted version of the Friday
Institute (2012a, 2012b) S-STEM and the students who completed the original versions of the
S-STEM instruments were compared using an independent samples t-test, Chi-square, pairedsamples t-test and Pearson’s correlation.
Response Rate
The following tables and figures illustrate the response rate for the surveys implemented
in this study and summarize the study participant characteristics and demographics.
Table 4
Response Rate and Attrition of Parents and Students
Response Type

Number

%

Total population (convenience sample)

2638

-

Random sample of families emailed

1513

57.35%

Total parents attempting survey Part Ia

(92)

(6.08%)

Parents completing survey Part Ia

77

83.70%

Parents completing entire survey - Part Ia & 1b

65

70.65%

Parent attrition – Part Ia

(15)

(16.30%)

Total students completing survey Part IIa
Students completing entire survey - Part IIa & 2b

59
55

90.77%
93.22%

Student Attrition – Part IIa

(18)

(30.51%)

3-5 (total respondents)
Parents completing survey Part Ib

34

52.31%

Students completing survey Part IIb
Proportion of students (3-5)

26
-

76.47%
47.27%

Parents completing survey Part Ib

31

47.69%

Students completing survey Part IIb
Proportion of students (grades 6-8)

29
-

93.55%
52.73%

6-8 (total respondents)

Table 4 shows the response rate and attrition for both parent and student participants. Of
the 2,683 families who had met the selection criteria to participate, a random sample of 1,513
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emails were sent, and 92 parents attempted the survey yielding a response rate of 6.08% for
parents. Of those 92 parents, 77 (83.70%) completed Part Ia of the survey and 65 (70.65%) also
completed Part Ib. Part Ia of the survey was for parents and included the newly developed
STEM-PPQ instrument containing demographic questions and Likert-style rating questions to
measure parental opinions and perceptions. Part Ib of the survey was also for parents and
included the adapted PPS-STEM version of the Friday Institute (2012a, 2012b) S-STEM
instrument. Since the student responses were dependent on the parents completing their section,
there were overall slightly fewer students who completed the student sections, Part IIa and 2b, of
the survey. Part IIa of the survey was for students to complete and included demographic
questions. Part IIb was also for students, and this included all questions from the original SSTEM instrument (Friday Institute, 2012a, 2012b). There was some student attrition, during the
study, but to a lesser extent than that of the parents. There were 59 students (or 90.77% of the 65
parents who fully completed the parent survey) who attempted the student section of the survey
and 55 of those (93.22%) fully completed Part IIa and 2b. There was a comparable response rate
for parents and students between the older and younger versions of the survey. Of the 65 parents
who fully completed the parent sections of the survey, 34 (52.31%) were parents of the upper
elementary (UE) students and 31 (47.69%) were parents of the middle-school/high-school
students. The student group had a similar breakdown, with 26 students (47.27%) in the upper
elementary group and 29 students (52.73%) in the middle-school/high-school group.
Parent Demographics
The great majority of parental respondents identified as mothers including biological,
adoptive, and stepmothers (80.52%) with fewer identifying as fathers including biological,
adoptive, and stepfathers (18.18%) and other (such as grandparent, 1.3%); none of the
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respondents identified as legal guardian such as foster parent or family member (Figure 4). The
figures below depict the demographics of the parent and student participants in this study.

Figure 4. Distribution of Parental Respondents Regarding Reported Parental Role

Figure 5. Proportion of Parental Respondents Regarding Reported Race
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As illustrated in Figure 5, most of the Parental respondents identified as white (49.35%)
and Asian/Pacific Islander (28.57%) with the remaining parents identifying as Black/African
American (15.58%), multiple races (3.9%), or Hispanic (2.60%).
Approximately 10% of parent respondents reported that they were eligible for free or
reduced lunch for their school age child/ren. The majority of Parents (92.2%) in this study had
reported that they have completed a graduate degree (n=43) or had graduated from a four-year
college (n=22) as indicated in Figure 6).

Figure 6. Distribution of Parent Respondent’s Reported Educational Level
Student Demographics
There was a total of 55 students who fully completed their section of the survey (Table
4). Of these 55 students, 26 (47.3%) were from the younger student group (UES-STEM, entering
third through sixth grade as of Fall 2020) and 29 (52.7%) were from the older student group
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(MHS-STEM, entering seventh through nineth grade as of Fall 2020). There was student
representation across all grade levels, as shown in Figure 7.

Figure 7. Proportion of Student Respondents Grade-Level (as of Fall 2020)
The majority of the student respondents identified as white (44.1%) and Asian / Pacific
Islander (32.2%) with the remaining students reporting as Black/African American (16.9%), or
multiple races (6.8%); no students identified as Hispanic, as illustrated in Figure 8.

Figure 8. Proportion of Student Respondents Regarding Reported Race
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In the remainder of this chapter, a description of each research question and null
hypotheses are provided along with the respective results and data analyses.
Data Analysis
Statistical Analysis to Answer Research Questions
Research Question 1. Do parents rate the importance of certain factors more highly than
others when considering STEM enrichment program enrollments for their children?
Ho1. There is no difference in the parental ratings about the importance of various factors
when considering STEM enrichment program enrollments for their children.
The data collected to answer RQ1 were obtained using the first 21 questions in the survey
(parent section 1a) representing the new STEM-PPQ instrument. There was a combination of
demographic questions and Likert-like questions asking parents to rate the degree to which four
primary factors are important to them when choosing to enroll their kids in STEM enrichment
programs.
The parental ratings from the four Likert-like questions (Q12, Q14, Q16, and Q18) from
the STEM-PPQ, which each had five statements for parents to rank on a scale of 1-5, were
averaged for each respondent prior to analysis. The factors being rated were the independent
variables and parent ratings were the dependent variables. One-sample t-tests were conducted to
determine if there were significant differences between composite average parent ratings for the
entire category (test value) and the average ratings of each statement within a particular category.
Independent samples t-tests were conducted for each of the four questions and evaluated
differences between survey type (UES-STEM with parents of younger students vs. MHS-STEM
with parents of the older students) and were also used to compare mothers and fathers. The alpha
probability level was set at p ≤ .05 for all inferential analyses.
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Table 5
Average Likert-scale Rankings Addressed in the STEM-PPQ (Q12, Q14, Q16, Q18)

N
Mean
Median
Mode
Std. Deviation
Variance
Range

Valid
Missing

Q12STEM
programAVE
77
0
3.85
3.80
4.00*
.470
.221
2.2

Q14STEM
logisticsAVE
77
0
3.75
3.80
4.2
.594
.353
3.2

*Multiple modes exist. Smallest value is shown.

Q16ParentSTEM
BeliefAVE
77
0
4.62
4.80
5.0
.389
.151
1.6

Q18ParentChild
STEMAVE
77
0
4.65
5.00
5.0
.509
.259
1.8

Table 5 identifies the composite average parent ratings and other descriptive statistics for
each of the four primary STEM-PPQ Likert-style questions (Q12, Q14, Q16, and Q18 on the
newly developed STEM-PPQ instrument). The average parent ratings for each statement from
each of the four questions are provided along with their respective descriptive statistics (Table 5).
Table 6
Independent Samples T-test Comparing Means Between Older and Younger Survey Types for
STEM-PPQ (Q12, Q14, Q16, Q18)

95% Confidence
Interval of the
Difference

t-test for Equality of Means
Sig. (2-

Upper

-.1171

.1074 -.3312

.0969

.755

.0429

.1368 -.2297

.3154

75

.457

.0667

.2444

75

.691

.0467

.0892 -.1111
.1170 -.1865

df

-1.090

75

.279

tailed) Difference Difference

.313

75

AVEQ16 Parent STEM Beliefs

.747

AVEQ18 Parent Perception of

.399

Characteristics
AVEQ14 STEM Program

Std. Error

Lower

t
AVEQ12 STEM Program

Mean

Logistics

.2798

Child STEM Beliefs

Table 6 shows the results of an independent samples t-test comparing the means of each
STEM-PPQ Likert-question between both groups of parents (parents of the younger students
who completed the UES-STEM and parents of the older students who completed the
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MHS-STEM). This analysis yielded no statistically significant differences between parental
ratings across both groups of parents, as such all data were combined into one group of parents
and students for remaining data analyses for part I.
Table 7
Statements Rated by Parents Relating to STEM Program Characteristics (STEM-PPQ Q12)
Question Prompt: Please use the categories below to complete each statement, and then rate each using a
scale of 1-5 (1=strongly disagree; 5=strongly agree).
_________________ is/are important to me when enrolling my child/ren in STEM enrichment programs.
Statement
Number
(1)
(2)
(3)
(4)
(5)

Overall mean
(all parents)

Category (factor)
The cost of the program
The topic of the program
The reputation of the program
The extras provided during the program (such as a meal, a tee-shirt, swag,
or having student-created take-aways – something they build or created)
A program blog or website featuring pictures and summarizing the activities

3.81
4.60
4.38
3.06
3.39

Table 7 summarizes the first Likert-style rating STEM-PPQ question (Q12) which related
to STEM Program characteristics and included the first five statements, numbered one through
five. Parents were asked to use each category (factor) to complete a statement, and then rate the
degree to which they agreed with the resulting statement on a scale of 1-5, with 1 = strongly
disagree and 5 = strongly agree. On average, parents overall rated statement two, topic of
program, the highest (4.60) and statement four, extras provided, the lowest (3.06).
Table 8
Descriptive Statistics for Parent Ratings of STEM-PPQ Q12 - STEM Program Characteristics
(Statements 1-5)
N

Mean

Std. Deviation

Std. Error Mean

Q12 Statement 1

77

3.81

.889

.101

Q12 Statement 2

77

4.60

.634

.072

Q12 Statement 3

77

4.38

.708

.081

Q12 Statement 4

77

3.06

.964

.110

Q12 Statement 5

77

3.39

1.102

.126
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Table 8 illustrates the means, standard deviations, and standard error means for each of
the five STEM-PPQ Q12 statements one through five resulting from 77 parent respondent’s
Likert ratings.
Table 9
One Sample T-test Comparing Parent Ratings of STEM-PPQ Q12 - STEM Program
Characteristics (Statements 1-5)
Test Value = 3.85
95% Confidence Interval of
the Difference
t

df Sig. (2-tailed)

Mean Difference

Lower

Upper

Q12 Statement 1

-.442

76

.660

-.045

-.25

.16

Q12 Statement 2

10.349

76

.000

.747

.60

.89

Q12 Statement 3

6.529

76

.000

.527

.37

.69

Q12 Statement 4

-7.144

76

.000

-.785

-1.00

-.57

Q12 Statement 5

-3.666

76

.000

-.460

-.71

-.21

Table 9 shows the results of a one sample t-test which was used to determine if there
were significant differences between the average parental ratings for these five statements
pertaining to the first Likert-style rating STEM-PPQ question (Q12) STEM Program
Characteristics with a test value set to the average across all five statements for this category
(Q12 composite mean = 3.85). As shown in Table 9, significant differences between each
statement’s average rating and the composite average for all Q12 Program Characteristic
statements were detected for statements two through five. To determine the strength of these
significant differences, a Cohen’s d analysis was conducted for each statement: Statements two,
three, and four each had a strong effect size (d = 1.34, d = 0.95, and d = 1.04 respectively), while
statement five had a moderate effect size (d = 0.54).
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Table 10
Descriptive Statistics for Likert Ratings of Mothers and Fathers for STEM-PPQ Q12
Q12 Statement

Parental Role
Mother
Father
Mother
Father

(3)

Mother
Father

62
14

4.32
4.64

.742
.497

.094
.133

(4)

Mother
Father
Mother
Father

62
14
62
14

3.05
3.14
3.34
3.50

.999
.864
1.115
1.019

.127
.231
.142
.272

(1)
(2)

(5)

Mean Std. Deviation
3.92
.795
3.36
1.151
4.63
.487
4.71
.469

Std. Error
Mean
.101
.308
.062
.125

N
62
14
62
14

Table 10 illustrates the mean, standard deviation, and standard error mean for statements
one through five (STEM-PPQ Q12) comparing mothers and fathers. Mothers included
respondents who identified as stepmothers, biological mothers, and adoptive mothers while
fathers included respondents who identified as stepfathers, biological fathers and/or adoptive
fathers. On average, mothers rated the cost of the program more highly (3.92) than fathers (3.36)
as being an important factor regarding STEM program enrollment for the child/ren of these
parent respondents. All other statement averages between mothers and fathers were similar.
Table 11
Independent Samples T-test Comparing Means of Mothers and Fathers for STEM-PPQ Q12
Q12 Statement

Sig. (2tailed)

Mean
Difference

Standard Error
Mean

t

df

(1)

2.188

74

.032

.562

.257

(2)

-.595

74

.553

-.085

.143

(3)

-1.536

74

.129

-.320

.209

(4)

-.327

74

.745

-.094

.289

(5)

-.496

74

.621

-.161

.325
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Table 11 summarizes the results of an independent samples t-test which was conducted to
identify significant differences in ratings of these STEM program statements between mothers as
compared to parents who identified as fathers. There was a significant difference in the parent
ratings for statement (1) the cost of the program between parents identifying as fathers and
parents identifying as mothers (t = 2.188, P = 0.032, df = 74). To determine the strength of this
significant difference, a Cohen’s d analysis was conducted, and the effect size was moderate
(d = 0.51). There were no other significant differences detected between mothers and fathers
regarding their ratings of the five statements addressing the STEM-PPQ Q12 category of STEM
Program Characteristics.
Table 12
Statements Rated by Parent Respondents Relating to STEM Program Logistics
(STEM-PPQ Q14)
Question Prompt: Please use the categories below to complete each statement, and then rate each using a
scale of 1-5 (1=strongly disagree; 5=strongly agree).
___________________ is/are important to me when enrolling my child/ren in STEM enrichment programs.
Statement
Number
(6)
(7)
(8)
(9)
(10)

Category (factor)
The program duration (such as partial day (1-2hours), half-day (3-4 hours),
full day (6-8 hours)).
The frequency of the program (once/week vs. weeklong)
The timing of the program (summer vs. school year/evenings and
weekends)
The programs check-in and check-out procedures
A program that incorporates outdoor activities

Overall mean (all
parents)
3.88
3.86
4.26
3.42
3.32

Table 12 summarizes the mean parent ratings for each of the five statements (statements
six through ten) for the second STEM-PPQ question which was related to STEM program
logistics. Parents were asked to complete each statement using the categories (factors) provided,
and then rate the degree to which they agreed with each complete statement on a scale of 1-5,
with 1 = strongly disagree and 5 = strongly agree. On average, statement eight which addressed
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the category/factor of timing of the program (summer vs. school year/evenings and weekends)
was rated the highest (4.26) while statement 10 which addressed the category/factor of
incorporating outdoor activities was rated the lowest (3.32).
Table 13
Descriptive Statistics for Parent Ratings of STEM-PPQ Q14 - STEM Program Characteristics
(Statements 6-10)
Std.

Std. Error

N

Mean

Deviation

Mean

Q14 Statement 6

77

3.88

.873

.100

Q14 Statement 7

77

3.86

.854

.097

Q14 Statement 8

77

4.26

.696

.079

Q14 Statement 9

77

3.42

.965

.110

Q14 Statement 10

77

3.32

1.032

.118

Table 13 illustrates the means, standard deviations, and standard error means for each of
the five STEM-PPQ Q14 statements six through ten resulting from 77 parent respondent’s Likert
ratings.
Table 14
One Sample T-test Comparing Parent Ratings of STEM-PPQ Q14 - STEM Program
Characteristics (Statements 6-10
Test Value = 3.75

Mean
Difference
.133

95% Confidence Interval of
the Difference
Lower
Upper
-.07
.33

Q14 Statement 6

t
1.338

df Sig. (2-tailed)
76
.185

Q14 Statement 7

1.101

76

.274

.107

-.09

.30

Q14 Statement 8

6.428

76

.000

.510

.35

.67

Q14 Statement 9

-3.042

76

.003

-.334

-.55

-.12

Q14 Statement 10

-3.618

76

.001

-.425

-.66

-.19

Table 14 summarizes the results of a one sample t-test which was used to determine if
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there were significant differences between the average parental ratings for these five statements
pertaining to the second Likert-style rating STEM-PPQ question (Q14) STEM Program Logistics
with a test value set to the average across all five statements for this category (Q14 composite
mean = 3.75). As shown in Table 14, significant differences between each statement’s average
rating and the composite average for all Q14 Program Logistics statements were detected for
statements eight, nine and ten. To determine the strength of these significant differences, a
Cohen’s d analysis was conducted for each statement and its comparison to the composite
average. STEM-PPQ Q14 statements for which significant differences were detected (eight, nine
and ten) a Cohen’s d analysis revealed that the effect of these significant differences was
moderate for statements eight and ten (d = 0.79 and d = 0.51 respectively) and modest for
statement nine (d = 0.41).
Table 15
Descriptive Statistics for Likert Ratings of Mothers and Fathers for STEM-PPQ Q14
Statement
(6)
(7)
(8)
(9)
(10)

Parental Role

N

Mean

Std. Deviation

Std. Error Mean

Mother

62

3.85

.884

.112

Father

14

4.00

.877

.234

Mother

62

3.84

.853

.108

Father

14

3.93

.917

.245

Mother

62

4.26

.700

.089

Father

14

4.29

.726

.194

Mother

62

3.35

.993

.126

Father

14

3.64

.842

.225

Mother

62

3.18

1.017

.129

Father

14

3.93

.917

.245

Table 15 illustrates the mean, standard deviation, and standard error mean for statements
six through ten (STEM-PPQ Q14) comparing mothers and fathers. Mothers included respondents
who identified as stepmothers, biological mothers, and adoptive mothers while fathers included
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respondents who identified as stepfathers, biological fathers and/or adoptive fathers. On average,
fathers rated statement ten (program that incorporates outdoor activities) more highly (3.93)
than mothers (3.18) as being an important factor regarding STEM program enrollment for the
child/ren of these parent respondents. All other statement averages between mothers and fathers
were similar.
Table 16
Independent Samples T-test Comparing Means of Mothers and Fathers for STEM-PPQ Q14
t-test for Equality of Means
Sig. (2Mean
tailed)
Difference
.580
-.145

Std. Error
Difference
.261

95% Confidence
Interval of the
Difference
Lower
Upper
-.666
.375

Q14 Statement 6

-.556

df
74

Q14 Statement 7

-.351

74

.726

-.090

.256

-.600

.420

Q14 Statement 8

-.133

74

.895

-.028

.208

-.443

.388

Q14 Statement 9

-1.005

74

.318

-.288

.287

-.859

.283

Q14 Statement 10

-2.539

74

.013

-.751

.296

-1.341

-.162

Table 16 shows the results of an independent samples t-test which was conducted to
identify significant differences in average ratings of these Q14 STEM program statements
between parents who identified as mothers and fathers. There was a significant difference in the
parent ratings for statement ten between fathers and mothers (t = -2.539, P = 0.013, df = 74). To
determine the strength of the significant difference detected between mothers and fathers for
statement ten, a Cohen’s d analysis was conducted, and the effect of this significance was strong
(d = 0.77, r = 0.36). There were no other significant differences detected between mothers and
fathers regarding their ratings of the five statements addressing STEM-PPQ Q14 about STEM
Program Logistics.
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Table 17
Statements Rated by Parents Relating to Their Own STEM Beliefs and Values, STEM-PPQ Q16
Question Prompt: Thinking of just (one of your) 3rd-8th grade child(ren), please rate each statement below
using a scale of 1-5 (1=strongly disagree; 5=strongly agree).
Statement Number
(11)
(12)
(13)
(14)
(15)

Statement

Overall mean
(all parents)

Science, Technology, Mathematics and Engineering (STEM) fields
are worthwhile fields for my child to pursue.
Science, Technology, Mathematics and Engineering (STEM) fields
are important in a global economy.
Science, Technology, Mathematics and Engineering (STEM) fields
are personally important to me.
Science, Technology, Mathematics and Engineering (STEM) fields
are relevant to my child/ren experiences in school.
I/we expose our child/ren to Science, Technology, Mathematics and
Engineering (STEM) fields regularly (3-4 times/month or more) via
out of school experiences.

4.88
4.84
4.55
4.74
4.09

Table 17 summarizes the average parent ratings for the five statements represented by the
third STEM-PPQ question (Q16) which addressed parental STEM beliefs and values. Parents
were asked to rate the degree to which they agreed with each statement on a scale of 1-5, with
1 = strongly disagree and 5 = strongly agree. On average, all statements had average ratings over
4 on the 5-point scale. In addition, statements 11 and 12 were rated the highest (4.88, and 4.84
respectively), while statement 15 was rated the lowest (4.09).
Table 18
Descriptive Statistics for Parent Ratings of STEM-PPQ Q16 – Parental STEM Beliefs and
Values (Statements 11-15)
N

Mean

Std. Deviation

Std. Error Mean

Q16 Statement 11

77

4.88

.362

.041

Q16 Statement 12

77

4.84

.365

.042

Q16 Statement 13

77

4.55

.660

.075

Q16 Statement 14

77

4.74

.470

.054

Q16 Statement 15

77

4.09

.876

.100
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Table 18 illustrates the means, standard deviations, and standard error means for each of
the five STEM-PPQ Q16 statements 11 through 15 resulting from 77 parent respondent’s Likert
ratings.
Table 19
One Sample T-test Comparing Parent Ratings of STEM-PPQ Q16 – Parental STEM Beliefs and
Values (Statements 11-15)
Test Value = 4.62
95% Confidence Interval of
Sig. (2-

Mean

the Difference

t

df

tailed)

Difference

Lower

Upper

Q16 Statement 11

6.382

76

.000

.263

.18

.35

Q16 Statement 12

5.388

76

.000

.224

.14

.31

Q16 Statement 13

-.991

76

.325

-.075

-.22

.08

Q16 Statement 14

2.244

76

.028

.120

.01

.23

Q16 Statement 15

-5.298

76

.000

-.529

-.73

-.33

Table 19 summarizes the results of a one sample t-test which was used to determine if
there were significant differences between the average parental ratings for these five statements
pertaining to the third Likert-style rating STEM-PPQ question (Q16) Parental STEM Beliefs and
Values with a test value set to the average across all five statements for this category (Q16
composite mean=4.62). As shown in Table 19, significant differences between each statement’s
average rating and the composite average for all Q16 Parent STEM Beliefs and Values
statements were detected for statements 11, 12, 14, and 15. To determine the strength of these
significant differences, a Cohen’s d analysis was conducted for each statement and its
comparison to the composite average. For three STEM-PPQ Q16 statements for which
significant differences were detected, a Cohen’s d analysis suggests that the effect size of these
significant differences was moderate (statement 11, d = 0.69; statement 12, d = 0.58; statement
15, d = 0.80). For statement 14 however, this effect size was modest (d = 0.28).
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Table 20
Descriptive Statistics for Likert Ratings by Mothers and Fathers for STEM-PPQ Q16
Statement
(11)
(12)
(13)
(14)
(15)

Parental Role
Mother
Father
Mother
Father
Mother
Father
Mother
Father
Mother
Father

N
62
14
62
14
62
14
62
14
62
14

Mean Std. Deviation
4.85
.399
5.00
.000
4.81
.398
5.00
.000
4.50
.671
4.71
.611
4.71
.492
4.86
.363
4.00
.905
4.50
.650

Std. Error Mean
.051
.000
.051
.000
.085
.163
.063
.097
.115
.174

Table 20 illustrates the mean, standard deviation, and standard error mean for statements
11 through 16 (STEM-PPQ Q16) comparing mothers and fathers. Mothers included respondents
who identified as stepmothers, biological mothers, and adoptive mothers while fathers included
respondents who identified as stepfathers, biological fathers and/or adoptive fathers. On average,
mothers and fathers had similar ratings across all statements, with mothers rating all statements
slightly lower than fathers, as shown in Table 20.
Table 21
Independent Samples T-test Comparing Means of Mothers and Fathers for STEM-PPQ Q16
t-test for Equality of Means

95% Confidence
Interval of the
Difference
Lower
Upper
-.359
.068

Q16 Statement 11

t
-1.355

df
74

Sig. (2tailed)
.179

Mean
Difference
-.145

Std. Error
Difference
.107

Q16 Statement 12

-1.809

74

.075

-.194

.107

-.407

.020

Q16 Statement 13

-1.095

74

.277

-.214

.196

-.604

.176

Q16 Statement 14

-1.056

74

.295

-.147

.140

-.426

.131

Q16 Statement 15

-1.951

74

.055

-.500

.256

-1.011

.011

Table 21 summarizes the results of an independent samples t-test that was conducted to
identify significant differences in ratings of these STEM-PPQ Q16 program statements between
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parents who identified as mothers and fathers. There were no significant differences in the parent
ratings for statement s 11-15 between parents identifying as mothers as compared to fathers but
statements 12 and 15 were approaching significance (t = -1.809, P = 0.075, df = 74 and
t = -1.951, P = 0.055, and df = 74, respectively).
Table 22
Statements Rated by Parent Respondents Relating to Their Perception of Their Child(ren)’s
STEM Beliefs
Question Prompt: Thinking of just (one of your) 3rd-8th grade child/ren, please rate each statement below using
a scale of 1-5 (1=strongly disagree; 5=strongly agree).
Statement
Number
(16)
(17)
(18)
(19)
(20)

Statement
My child/ren has expressed a clear interest in one or more Science,
Technology, Mathematics and Engineering (STEM) fields.
My child/ren has a positive attitude toward one or more Science,
Technology, Mathematics and Engineering (STEM) fields.
My child/ren believes Science, Technology, Mathematics and
Engineering (STEM) fields are worthwhile fields to pursue.
My child/ren performs well (B-level/equivalent or higher) in one or more
classes in school that address Science, Technology, Mathematics and
Engineering (STEM).
My child/ren thinks topics related to one or more Science, Technology,
Mathematics and Engineering (STEM) fields are interesting.

Overall mean (all
parents)
4.57
4.65
4.58
4.79
4.68

Table 22 summarizes the mean parent ratings for the last STEM-PPQ question related to
parental perceptions of their child’s STEM beliefs and values (abbreviated STEM Parent-Child
herein) which included statements 16 through 20. Parents were asked to rate the degree to which
they agreed with each statement on a scale of 1-5, with 1 = strongly disagree and 5 = strongly
agree, as summarized in Table 21. On average, all statements were rated over 4 on the 5-point
scale. Statement 19 was rated the highest (4.79); all other statements averaged a similar rating
across all parents.
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Table 23
Descriptive Statistics for Parent Ratings of STEM-PPQ Q18 - STEM Parent-Child
(Statements 16-20)
N

Mean

Std. Deviation Std. Error Mean

Q18 Statement 16

77

4.57

.751

.086

Q18 Statement 17

77

4.65

.602

.069

Q18 Statement 18

77

4.58

.636

.072

Q18 Statement 19

77

4.79

.439

.050

Q18 Statement 20

77

4.68

.549

.063

Table 23 illustrates the means, standard deviations, and standard error means for each of
the five STEM-PPQ Q18 statements 16 through 20 resulting from 77 parent respondent’s Likert
ratings.
Table 24
One Sample T-test Comparing Parent Ratings of STEM-PPQ Q18 -Parent Perceptions of their
Child’s STEM Beliefs (Statements 16-20)
Test Value = 4.65
95% Confidence Interval of
t

df

Sig. (2-

Mean

tailed)

Difference

the Difference
Lower

Upper

Q18 Statement 16

-.918

76

.361

-.079

-.25

.09

Q18 Statement 17

-.009

76

.992

-.001

-.14

.14

Q18 Statement 18

-.905

76

.368

-.066

-.21

.08

Q18 Statement 19

2.840

76

.006

.142

.04

.24

Q18 Statement 20

.405

76

.687

.025

-.10

.15

Table 24 shows the results of a one-sample t-test which was used to determine if there
were significant differences between the average parental ratings for these five statements
pertaining to the fourth Likert-style rating STEM-PPQ question (Q18). This question addressed
parent perceptions of their child’s STEM beliefs and the one-sample t-test was run with a test
value set to the average across all five statements for this category (Q18 composite mean = 4.65).
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As shown in Table 24, there was a significant difference detected for statement 19
(t = 2.840, P = 0.006, df = 76), but there were no significant differences between the average
ratings of each statement for this question (Q18) and the overall average across all five
statements. To determine the strength of this significance, Cohen’s d analysis was conducted
which identified a modest effect size (d = 0.29).
Table 25
Descriptive Statistics for Likert Ratings by Mothers and Fathers for STEM-PPQ Q18
Q18 Statement 16
Q18 Statement 17
Q18 Statement 18
Q18 Statement 19
Q18 Statement 20

Parental Role
Mother

N

62

Mean
4.52

Std. Deviation
Std. Error Mean
.805
.102

Father

14

4.86

.363

.097

Mother

62

4.61

.636

.081

Father

14

4.86

.363

.097

Mother

62

4.53

.671

.085

Father

14

4.86

.363

.097

Mother

62

4.76

.468

.059

Father

14

4.93

.267

.071

Mother

62

4.65

.575

.073

Father

14

4.79

.426

.114

Table 25 illustrates the mean, standard deviation, and standard error mean for statements
16 through 20 (STEM-PPQ Q18) comparing mothers and fathers. Mothers included respondents
who identified as stepmothers, biological mothers, and adoptive mothers while fathers included
respondents who identified as stepfathers, biological fathers and/or adoptive fathers. On average,
mothers and fathers had similar ratings across all statements, with mothers rating all statements
slightly lower than fathers.
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Table 26
Independent Samples T-test Comparing Means of Mothers and fathers for STEM-PPQ Q18

t

df

Sig. (2-

Mean

Std. Error

tailed)

Difference

Difference

95% Confidence Interval of
the Difference
Lower

Upper

Q18 Statement 16

-1.545

74

.127

-.341

.221

-.781

.099

Q18 Statement 17

-1.381

74

.171

-.244

.177

-.597

.108

Q18 Statement 18

-1.749

74

.084

-.325

.186

-.695

.045

Q18 Statement 19

-1.311

74

.194

-.171

.130

-.430

.089

Q18 Statement 20

-.860

74

.392

-.141

.163

-.466

.185

Table 26 summarizes the results of an independent samples t-test that was conducted to
identify significant differences in ratings of these STEM-PPQ Q18 program statements between
parents who identified as mothers and fathers. There were no significant differences in the parent
ratings for statements 16-20 between parents identifying as mothers as compared to fathers.
Research Question 2. How well do parental perceptions of his/her child’s attitudes
toward Science, Technology, Engineering and Mathematics align with the child’s actual
attitudes?
Ho2. There will be no difference between parent’s perceptions of their child’s STEM
attitudes and the child’s actual STEM attitudes.
To answer this question, parental responses to the PPS-STEM (adapted version of Friday
Institute’s 2012a, 2012b MHS-STEM instrument) were compared with their own students’
responses to the age-appropriate S-STEM instrument using an independent samples t-test for the
composite averages for each section of questions which addressed three STEM categories (Math,
Science, Engineering/Technology) and 21st Century Skills. Chi-square tests were conducted to
compare the responses of parents to their own child for each individual PPS-STEM and S-STEM
question. The rank value for individual ratings was summed for all 37 S-STEM items for both
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parents and students as an overall total and for each subcategory (Math, Science, Engineering
and Technology, and 21st Century Skills). A paired samples t-test was conducted to compare the
mean parental S-STEM scores to that of the students and the effect size of any significant
differences was determined via Cohen’s d analysis (Becker, 2000). To determine the relationship
between the student’s S-STEM score and that of their parents a Pearson’s correlation was
performed for the total S-STEM scores and also for the S-STEM subcategories of Math, Science,
Engineering/Technology and 21st Century Skills.
Table 27
Descriptive Statistics for Average Likert ratings by Parents and Students for each S-STEM
Question Category
Question Category
Average Math
Average Sci
Average Eng
Average 21STCS

Participant Type
Parent

N
65

Mean
3.3462

Std. Deviation
.29710

Std. Error Mean
.03685

Student

55

3.3114

.24518

.03306

Parent

65

4.6338

.40283

.04997

Student

55

4.4873

.51173

.06900

Parent

65

4.5692

.57253

.07101

Student

55

4.3964

.73710

.09939

Parent

65

4.6974

.49159

.06097

Student

55

4.7621

.49520

.06677

Table 27 illustrates the mean, standard deviation, and standard error mean for the average
Likert ratings for all four S-STEM question categories comparing parents and students. On
average, parents and students had similar ratings across three of the four question categories,
with parents rating all statements slightly higher than students except the last category (21st
Century Skills).
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Table 28
Independent Samples T-test Comparing Average Ratings of all Parents and Students for
each S-STEM Question Category
t-test for Equality of Means

Question Category
Average Math
Average Sci

t
.692
1.755

df
118
118

Sig. (2tailed)
.491
.082

Average Eng
Average 21STCS

1.445
-.716

118
118

.151
.476

Mean
Difference
.03479
.14657

Std. Error
Difference
.05030
.08353

.17287
-.06469

.11964
.09037

95% Confidence Interval of
the Difference
Lower
-.06482
-.01883

Upper
.13440
.31198

-.06405
-.24364

.40978
.11427

Table 28 summarizes the results of an independent samples t-test that was conducted to
identify significant differences in average ratings of each category of S-STEM questions between
parents and students. There were no significant differences detected.
Table 29
Independent Samples T-test Comparing Average Ratings of both Grade-Level Groups of Parents
and Students for each S-STEM Question Category
t-test for Equality of Means

Question Category
Average Math

Survey Grade
Grouping
Younger (3-5)
Older (6-9)

t
.288
.624

df
58
58

Sig. (2tailed)
.774
.535

Mean
Difference
.02008
.04588

Std. Error
Difference
.06971
.07356

Average Sci

Younger (3-5)

1.807

58

.076

.20136

.715

58

.478

Younger (3-5)

1.466

58

Older (6-9)
Average 21STCS Younger (3-5)

.623
-.661
-.435

Older (6-9)
Average Eng

Older (6-9)

95% Confidence Interval of
the Difference
Lower
-.11947
-.10137

Upper
.15963
.19314

.11141

-.02165

.42436

.09010

.12605

-.16222

.34242

.148

.17941

.12237

-.06553

.42436

58
58

.535
.511

.11491
-.08428

.18432
.12751

-.25405
-.33951

.48386
.17096

58

.665

-.05617

.12900

-.31440

.20206

Table 29 summarizes the results of independent samples t-test conducted to compare the
composite mean ratings of each S-STEM category between parents and students across both
grade-level groupings (UE-S-STEM for 3rd-5th graders and MS-HS-S-STEM for 6th-9th graders).
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No significant differences were detected across both grade-level groupings for each S-STEM
category’s average Likert ratings.
Table 30
Chi-square Comparing Parent and Student Responses to Eight Math-related S-STEM Questions
Question

UE-S-STEM Statement
(Parent adaptation in parentheses)

Pearson Chi-Square
Value

df

Asymptotic
Significance (2sided)

Math Q1

Math has been my (child’s) worst subject.

1.322

4

.858

Math Q2

4.633

4

.327

2.377
1.746

4
4

.667
.782

2.195

4

.700

2.680

4

.613

Math Q7

When I’m (my child is) older, I (he/she) might
choose a job that uses math.
Math is hard for me (my child).
I am (my child is) the type of student who
does well in math.
I (My child) can understand most subjects
easily, but math is difficult for me (my child).
In the future, I (my child) could do harder
math problems.
I (my child) can get good grades in math.

2.259

3

.520

Math Q8

I am (my child is) good at math.

3.074

3

.380

Math Q3
Math Q4
Math Q5
Math Q6

Table 30 summarizes results for a Pearson Chi-square test comparing parent and student
responses to each of the eight math-related Likert rating questions which were rated on a Likert
Scale of 1-5. The S-STEM statements are provided in Table 30 with the corresponding parental
adaptations for the UE S-STEM listed in parentheses (similar adaptations were made for the
MHS-STEM). There were no significant differences between parents and students for these Math
S-STEM questions. While the UES-STEM and MHS-STEM have the same content for each of
the 37 Likert questions, and the wording of each question varies slightly to accommodate a lower
reading level for students in fourth-fifth grade. However, tables 30-33 lists the UES-STEM items
even though the data represent both grade-level groupings of study participants. This approach
was chosen for purposes of brevity within the tables and because there were no significant
differences between the ratings of each question between students within each grade-level
grouping. Please refer to Unfried, et al. (2015) for information on how to access each version of
Friday Institute’s S-STEM survey.
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Table 31
Chi-square Comparing Parent and Student Responses to Nine Science-related S-STEM
Questions
S-STEM Statement
(Parent adaptation in parentheses)

Question
Sci Q9
I (my child) feel(s) good about myself (him/herself) when I
(she/she) do(es) science.
Sci Q10
I (my child) might choose a career in science.
Sci Q11
After I (my child) finish(es) high school, I (my child) will
use science often.
Sci Q12
When I am (my child is) older, knowing science will help
me (my child) earn money.
Sci Q13
When I am (my child is) older, I (he/she) will need to
understand science for my (his/her) job.
Sci Q14
I (my child) know(s) I (he/she) can do well in science.
Sci Q15
Sci Q16
Sci Q17

Science will be important to me (my child) in my (his/her)
future career.
I (my child) can understand most subjects easily, but
science is hard for me (my child) to understand.
In the future, I (my child) could do harder science work.

Pearson
ChiSquare
Value
12.022

df

Asymptotic
Significance (2sided)

3

.007

4.573
5.712

3
3

.206
.127

8.974

3

.030

.416

3

.937

.998

2

.607

5.393

3

.145

1.622

4

.805

5.217

3

.157

Table 31 summarizes results for a Pearson Chi-square test comparing parent and student
responses to each of the nine science-related Likert rating questions which were rated on a Likert
Scale of 1-5. The S-STEM statements are provided in Table 31 with the corresponding parental
adaptations listed in parentheses. There were significant differences detected between parents
and students for two science-related S-STEM questions: question nine I (my child) feels good
about myself (himself/herself) when I (he/she) do (does) science (x2 = 12.022, df = 3, P = 0.007)
and question 12 When I am (my child is) older, knowing science will help me (my child) earn
money (X2 = 8.974, df = 3, P = 0.030). The Phi was measured against the following values of
.1 = weak, .3 = modest, and .5 or > = strong effect size. The effect size of these significant
differences was modest for question nine (Phi = 0.317) and weak to modest for question 12
(Phi = 0.273).
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Table 32
Chi-square Comparing Parent and Student Responses to Nine Engineering and Technologyrelated S-STEM Questions
Question
Eng/Tech Q18
Eng/Tech Q19
Eng/Tech Q20
Eng/Tech Q21
Eng/Tech Q22
Eng/Tech Q23
Eng/Tech Q24
Eng/Tech Q25
Eng/Tech Q26

UE-S-STEM Statement
(Parent adaptation in parentheses)
I (my child) like(s) to imagine making new products.
If I (my child) learn(s) engineering, then I (he/she)
can improve things that people use every day.
I am (my child is) good at building or fixing things.
I am (my child is) interested in what makes
machines work.
Designing products or structures will be important in
my (child’s) future jobs.
I am (my child is) curious about how electronics
work.
I (my child) want(s) to be creative in my (his/her)
future jobs.
Knowing how to use math and science together
will help me (my child) to invent useful things.
I (my child) believe (believes) I (he/she) can be
successful in engineering.

Pearson
Chi-Square
Value
6.423

df
4

Asymptotic
Significance
(2-sided)
.170

7.973

3

.047

1.350

3

.717

2.064

4

.724

12.302

4

.015

.873

4

.928

3.385

4

.496

6.089

3

.107

1.626

4

.804

Table 32 summarizes results for a Pearson Chi-square test comparing parent and student
responses to each of the nine Engineering and Technology-related Likert rating questions which
were rated on a Likert Scale of 1-5. The UE-S-STEM statements are provided in Table 31 with
the corresponding parental adaptations listed in parentheses. There were significant differences
detected between parents and students for two engineering and technology-related S-STEM
questions: question 19 If I (my child) learn(s) engineering, then I (he/she) can improve things
that people use every day (x2 = 7.973, df = 4, P = 0.047) and question 22 Designing products or
structures will be important in my (child’s) future jobs (X2 = 12.302, df = 4, P = 0.015). The
effect size of these significant differences was weak for question 19 (Phi = 0.258) and modest for
question 24 (Phi = 0.320).
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Table 33
Chi-square Comparing Parent and Student Responses to Eleven 21st-Century Skills-related
S-STEM Questions
Question
21stCS Q27
21stCS Q28
21stCS Q29
21stCS Q30
21stCS Q31
21stCS Q32
21stCS Q33
21stCS Q34
21stCS Q35
21stCS Q36
21stCS Q37

UE-S-STEM Statement
Pearson Chi(Parent adaptation in parentheses)
Square Value
4.461
I (my child) can lead others to reach a goal.
I (my child) like(s) to help others do their best.
.332
2.363
In school and at home, I (my child) can do things well.
I (my child) respect(s) all children my (his/her) age even if
they are different from me (my child).
I try (my child tries) to help other children my (his/her) age
When I (my child) make(s) decisions, I (my child) think(s)
about what is good for other people.
When things do not go how I (my child) want(s), I (he/she)
can change my (his/her) actions for the better.
I (my child) can make my (his/her) own goals for learning.
I (my child) can use time wisely when working on my own
(alone).
When I have (my child has) a lot of homework, I
(he/she) can choose what needs to be done first.
I (my child) can work well with all students, even
if they are different from me (him/her).

df
3
3
3

Asymptotic
Significance
(2-sided)
.216
.954
.500

2.991

2

.224

3.326

4

.505

.523

3

.914

4.364

4

.359

4.890

3

.180

3.141

3

.370

4.077

4

.396

1.406

2

.495

Table 33 summarizes results for a Pearson Chi-square test comparing parent and student
responses to each of the eight 21st Century Skills-related Likert rating questions which were rated
on a Likert Scale of 1-5. The UE-S-STEM statements are provided in Table 33 with the
corresponding parental adaptations listed in parentheses. There were no significant differences
between parents and students for these 21st Century Skills-related S-STEM questions.
After the rank value for each rating was summed for all 37 S-STEM items, overall and
for each category (Math, Science, Engineering and Technology, and 21st Century Skills) how
well-aligned the parent and student ratings for each 37 S-STEM question was determined. As
shown in Figure 9, the student and parent total and subcategory S-STEM scores were similar,
suggesting the Likert ratings between parents and students were in relative alignment for this
sample population. Paired samples t-tests and a Pearson’s correlation evaluated this outcome
further.
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Figure 9. Average Total and Subcategory S-STEM Scores of Parents and Student
After the rank value for each rating was summed for all 37 S-STEM items, overall and
for each category (Math, Science, Engineering and Technology, and 21st Century Skills), how
well-aligned the parent and student ratings for each 37 S-STEM question was determined. As
shown in Figure 9, the student and parent total and subcategory S-STEM scores were similar,
suggesting the Likert ratings between parents and students were in relative alignment for this
sample population. Paired samples t-tests and a Pearson’s correlation evaluated this outcome
further.
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PERCENTAGE OF S-STEM SCORE
DIFFERENCES
25+ pts
20-24 pts 6%
8%

<5 pts
33%

15-19 pts
16%

10-14 pts
10%

<5 pts
5-9 pts
10-14
pts

5-9 pts
27%

Figure 10. Percentage of S-STEM Score Differences Between Parents and Students per Category
of Point-Value Range
To visualize how well-aligned the parent and student ratings were, the absolute value of
the S-STEM score difference was obtained. As shown in Figure 10, the majority (60%) of parentstudent pairings had smaller differences in their overall S-STEM scores, indicating that those
parents and students have S-STEM responses that are more closely aligned than the remaining
40% of the sample population. To determine how well-aligned the parent and student responses
were, and if there were significant differences between the parent’s total S-STEM score and that
of their student, a paired-sample t-test was performed with a Cohen’s d analysis to determine the
effect size of any significant differences.
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Table 34
Paired Samples T-tests Comparing Average S-STEM Scores of Parents and Students

Pair 1

Student Total –
Parent Total
Student Math Parent Math
Student Science Parent Science
Student EngTech Parent EngTech
Student 21st –
Parent 21st

Pair 2
Pair 3
Pair 4
Pair 5

95% Confidence
Interval of the
Difference
Lower Upper
-6.561
.522

Mean
-3.020

Std.
Deviation
12.593

Std.
Error
Mean
1.763

-.059

2.517

.352

-.767

-1.529

5.255

.736

-1.765

5.050

.059

4.856

t
-1.712

df
50

Sig. (2tailed)
.093

.649

-.167

50

.868

-3.007

-.051

-2.078

50

.043

.707

-3.185

-.344

-2.495

50

.016

.680

-1.307

1.424

.087

50

.931

Table 34 shows the results of a paired samples t-test between the average S-STEM scores
of the parent and student Likert ratings for all 37 questions overall (total) and for each S-STEM
subcategory. For the 37 questions combined total, there was no significant difference between
average parent and student scores. However, significant differences were detected between
average parent and student scores for two subcategories: Science and Engineering/Technology
(t = -2.078, df = 50, P = 0.043 and t = -2.495, df = 50, P = 0.016, respectively). The effect size of
these significant differences was moderate for both Science (d = 0.59) and
Engineering/Technology (d = 0.70) subcategories.
Table 35
Mean and Standard Deviation for Student and Parent Total S-STEM Scores
Mean

Std. Deviation

N

Student Total

144.59

14.708

51

Parent Total

147.61

12.290

51

Table 35 shows the mean and standard deviation for the parent and student total S-STEM
scores. The means were similar, but the parents mean total S-STEM score was slightly higher
than that of the student.
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Table 36
Pearson Correlation of Total S-STEM Scores for Students and Parents
Student Total
Pearson Correlation
1
Sig. (2-tailed)
N
51
Parent Total
Pearson Correlation
.578**
Sig. (2-tailed)
.000
N
51
**. Correlation is significant at the 0.01 level (2-tailed).
Student Total

Parent Total
.578**
.000
51
1
51

Table 36 shows the results of the Pearson correlation performed to determine the
relationship between the total S-STEM scores of parents and students. There was a strong
positive relationship, as measured against the values of r = .02 (weak), r = .3 (moderate), and
r = .5 or > (strong) effect, between the student and parent total S-STEM scores, and this
relationship was significant (r = .57, n = 51, P = 0.000).
Table 37
Pearson Correlation of S-STEM Subcategory Scores for Students and Parents

Student
Math

Student Student
Math Science
Pearson Correlation
1
.401**
Sig. (2-tailed)
.004
N

Student
Science

Pearson Correlation
Sig. (2-tailed)
N

Student
Pearson Correlation
EngTech Sig. (2-tailed)
N
Student
21st

Pearson Correlation
Sig. (2-tailed)
N

51
.401**

51

51

51

1

.541**

.463**

.000

.004
51
.184
.195
51
.203
.152
51

Student
Student
EngTech
21st
.184
.203
.195
.152

51
.541**

Parent
Parent
Parent
Science EngTech
21st
.354*
.115
.062
.011
.421
.663

51

51

51

51

.354*

.001

.271
.055

.418**
.002

.011

.219
.122

51

51

51

51

51

51

1

.279*

.224
.114

.745**

.083
.562

.000
51

Parent
Math
.349*
.012

.047

.138
.335

.000

51

51

51

51

51

51

.463**
.001

.279*
.047

1

-.037
.799

.182
.201

.170
.232

.652**
.000

51

51

51

51

51

51

51

**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
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Table 37 shows the results of the Pearson correlation performed to determine the
relationship between the parent and student S-STEM subcategory scores. For each of the
S-STEM subcategories of Math, Science, Engineering/Technology and 21st Century Skills, the
parent and student scores had a moderately strong to strong positive relationship, as measured
against the values of r = .02 (weak), r = .3 (moderate), and r = .5 or > (strong) effect size, and
these relationships were all significant (Math r = .35, n = 51, P = .012; Science r = .42, n = 51,
P = 0.002; Engineering/Tech r = .75, n = 51, P = .001; and 21st Century Skills r = .65, n = 51,
P = 0.001). Not surprisingly, student Math S-STEM scores had a moderate positive significant
relationship with student Science S-STEM scores (r = .40, n = 51, P = .004). Interestingly,
student Science S-STEM scores had a significant strong positive relationship with student
Engineering/Tech S-STEM scores (r = .54, n = 51, P = .001) however, student Math S-STEM
scores had a weak positive relationship with student Engineering/Tech S-STEM scores, but that
relationship was not significant (r = .18, n = 51, P =.195).
Summary
A comparative, quantitative, cross-sectional approach was implemented to identify
factors that are important to parents when making STEM enrichment enrollment decisions for
their child/ren. A new instrument was developed to assess the degree to which such factors are
playing a role in these types of decisions (STEM-PPQ). This new STEM-PPQ instrument was
determined to have a moderate to high level of internal consistency for a novel instrument (as
determined by Cronbach’s alpha of 0.756). The information resulting from this study could be
useful to organizations which offer STEM enrichment programs, especially for marketing and
implementation of these programs. This research was conducted in two parts and addressed two
research questions. The independent variable for Part I was the novel STEM-PPQ instrument and

PARENTAL OPINIONS AND PERCEPTIONS IN INFORMAL STEM EDUCATION

90

was used to quantitatively measure the dependent variables, which were the ratings of various
factors that may contribute to parental decisions regarding STEM enrichment programs for their
children. The independent variable for Part II was the adapted parent version of Friday Institute’s
(2012a, 2012b) S-STEM, referred to herein as the Parent Perceptions of Students’ STEM
(PPS-STEM) which quantitatively measured the dependent variable of parental perceptions of
their child’s STEM attitudes. The original Friday Institute (2012a, 2012b) instrument, referred to
herein as the S-STEM, both for upper elementary students and middle-high school students, was
a second independent variable in Part II and was implemented to the children of the parents’
participants and measured a second dependent variable, which was the children’s actual STEM
attitudes.
To compare the parent’s perception of their students STEM beliefs with the student’s
actual beliefs, this S-STEM survey was adapted (slightly) to capture the parent’s perception of
their child’s STEM beliefs (i.e., the original question that the student answers read I am good at
math while the adapted parental version of the survey remains identical, except the subject. For
example, the I am good at math statement on the original Friday Institute (2012a, 2012b)
S-STEM instruments became My child is good at math for the adapted PPS-STEM instrument.
The parental version of the S-STEM has been named the PPS-STEM (parental perceptions of
student’s STEM beliefs). Parents and their students (entering grades 3-9 as of Fall 2020) rated
the degree to which they agreed with various statement relating to the STEM disciplines and
their respective abilities in these disciplines.
The two versions of the original Friday Institute (2012a, 2012b) S-STEM instrument
reliably measure student STEM beliefs and attitudes (Cronbach’s alpha ranges from 0.83-0.92
for the different versions of the original survey). The results from this study regarding internal
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consistency are in line with that of Unfried et al.’s (2015) reliability measures for both the
adapted PPS-STEM (Cronbach’s alpha was 0.900 and 0.086 for 3-5th and 6th-8th grade parents,
respectively) and the original UES-STEM and MHS-STEM instruments (Cronbach’s alpha was
0.914 and 0.900 for UE and MS students, respectively).
The purpose of the study and emphasis was to explore factors that are important to
parents when pursuing STEM enrichment programming opportunities for their child(ren) as well
as to determine how well parental perceptions of their child's STEM attitudes and beliefs aligns
with the child's actual STEM attitudes and beliefs. To that end, two reliable and novel
instruments were developed and used herein. The descriptions of the research design, the
hypotheses tested, the instruments utilized, results and statistical analyses were presented in this
chapter. While there were a few statistically significant differences between parents and their
students with regard to their Likert-scale ratings across the 37 STEM and 21st Century Skills
items for both survey types, the majority of these comparisons resulted in no significant
differences. In addition, these results illustrate that parent and student ratings of the 37 S-STEM
questions were pretty well-aligned and for each of the S-STEM subcategories of Math, Science,
Engineering/Technology and 21st Century Skills. Furthermore, the parent and student S-STEM
scores were aligned with no significant differences when examining all 37 questions together;
however, there were significant differences noted for between parent and student S-STEM scores
for the S-STEM subcategories of science and engineering/technology. Lastly, the S-STEM
scores overall and for each subcategory all had moderately strong to strong and significant
positive relationships. This research is important to the national initiatives surrounding STEM
education and could help inform STEM enrichment programs in an effort to best serve their
communities and maximize their impact on students.
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Chapter 5: Conclusions
Introduction
This study is important because it could inform STEM enrichment programs about
parental perceptions that might affect the enrollment decisions parents make for their children,
which could help with program decisions surrounding issues such as program topics, marketing,
and other issues such as logistics. These results could also help inform local and national
informal STEM education initiatives. Chapter 4 detailed the results of the study. Chapter 5
provides a summary of the study with discussions and conclusions of the findings as well as
recommendations for future research.
Summary of the Study
The study intended to determine the 1) what factors regarding out-of-school science,
technology, engineering, and mathematics (STEM) enrichment experiences for students are
valued by parents in Illinois and 2) to assess the degree to which parental perceptions of their
child(ren)’s STEM attitudes align with the child’s actual STEM attitudes. Two new instruments
were developed for this research: the STEM-PPQ instrument was developed and used to evaluate
the degree to which parents value certain aspects of STEM education enrichment programs and
the PPS-STEM was adapted from an existing tool which measures student STEM attitudes and
beliefs. This PPS-STEM was created to determine how well parents’ perceptions of their child’s
STEM attitude and beliefs aligns with their child’s actual STEM attitudes and beliefs.
Research Questions
Research Question 1. Do parents rate the importance of certain factors more highly than
others when considering STEM enrichment program enrollments for their children?
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Ho1. There is no difference in the parental ratings about the importance of various factors
when considering STEM enrichment program enrollments for their children.
Research Question 2. How well do parents perception of his/her child’s attitudes
toward Science, Technology, Engineering and Mathematics align with the child’s actual
attitudes?
Ho2. There will be no difference between the parent’s perception of their child’s STEM
attitudes and the child’s actual STEM attitudes.
STEM education enrichment, or out-of-school time (OST) STEM experiences, could be
playing an important role in producing students who are capable and talented in the Science,
Technology, Engineering and Math (STEM) fields (Margot, 2017). Because OST STEM
experiences are important to maintaining student interest and ability in STEM (Young, Ortiz and
Young, 2017) it is important to investigate factors that influence student participation in and
outcomes of OST STEM experiences for younger, k-12 students. The goal for this initiative was
to provide organizations who offer STEM enrichment programs with insight into the role that
certain factors play when parents are choosing such opportunities for their children.
Discussion
To investigate these factors that are valued by parents who consider STEM enrichment
programming opportunities for their child(ren), a cross-sectional survey design was implemented
to parents and their children who were entering a grade between third grade and nineth grade as
of Fall 2020. This was accomplished by implementing the newly developed STEM Program
Parent Questionnaire (STEM-PPQ) concomitantly with the adapted versions of Friday Institute’s
(2012a, 2012b) S-STEM instruments to parents during late summer, 2020; the children of parent
respondents also participated by completing Friday Institute’s (2012a, 2012b) original S-STEM
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instruments immediately following their parent’s completion of the parent section of the survey.
The only criterion for participation was that the parents had to have children who would have
completed a grade between second and eighth by the time of the survey (i.e., the survey
respondents were parents who had children that were entering third through nineth grade as of
Fall 2020 and the children of these parents). The population examined in this study consisted of
77 Parents and 55 students, including 26 rising third through sixth graders and 29 rising seventh
through nineth graders.
To analyze the research questions and investigate the corresponding null hypotheses, the
data collected from the combined survey instruments were exported and formatted in the
software program Statistical Package for Social Sciences (SPSS), version 26 (IBM, 2019).
Demographic questions were evaluated to understand parental attributes of the sample
population. To analyze research question one (RQ1) SPSS was used to perform a descriptive
statistic frequency test to determine if there was a difference between the average Likert-scale
ratings of parents during the implementation of the new STEM-PPQ instrument. One sample
t-tests were performed to determine whether the average ratings for each statement within a
category were significantly different from the overall composite average of all questions within a
given category. If the one sample t-tests determined there was a significant difference between
the average ratings for a given program characteristic, a Cohen’s d analysis was conducted to
determine the strength of the relationship between the means of the given variable. In addition,
independent samples t-tests were performed to determine if there was a statistically significant
difference between the ratings from parents of the younger students and that of parents of the
older students. Because some average Likert ratings differed between mothers and fathers,
additional independent samples t-tests were used to determine if these differences were
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significant. All data for RQ1 were analyzed at the p < .05 statistical level. Cohen’s d tests were
conducted to determine the effect size for any significant differences resulting from the
independent samples t-tests.
Overall, for RQ1, there were significant differences among the average Likert ratings for
statements within each STEM-PPQ category. While there were no significant differences
between average ratings of parents in both survey age groups (parents of 3rd-5th graders and
parents of 6th-9th graders) across all question categories, there were some factors that were rated
more highly than others within each question category. Thus, the null hypothesis for RQ1 (there
is no difference in the parental ratings about the importance of various factors when considering
STEM enrichment program enrollments for their children) was rejected based on results from
this study.
The topic of a STEM program was rated highest overall (4.60) in the STEM Program
Characteristics category but the extras provided (such as t-shirts, a meal, swag, etc.) were rated
lowest (3.06), on average. This could mean that STEM programs would do well to develop their
programs competitively based on regular input from their usual clientele about what topics are
important to those families. Furthermore, STEM programs might consider giving fewer extras to
participants which may not be valued as highly, and which could have implications for a STEM
program’s waste impact or carbon footprint. Furthermore, since there was a moderate effect of
the significant difference between mothers and fathers regarding the cost of the program
(statement one) with mothers rating cost more highly (3.92) than fathers (3.36) as an important
factor considered when seeking STEM program enrollment opportunities for their child(ren),
competitive pricing and strategic marketing efforts could help STEM programs reach (and
encourage) different groups of parents to pursue a particular opportunity for their child(ren). The
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results for this STEM-PPQ question category indicate the null hypothesis for this part of RQ1
cannot be accepted.
The timing of a STEM program (statement eight) was rated highest overall (4.26) in the
STEM Program Logistics category, but the incorporation of outdoor activities (statement 10) was
rated lowest overall (3.32), on average. This is understandable since it can be challenging for
families to coordinate and incorporate OST STEM programs into their family’s schedule.
Furthermore, and interestingly, while statement 10 (pertaining to the incorporation of outdoor
activities) was rated lowest overall, on average across all parents, fathers rated this statement
more highly (3.93) than mothers (3.18); this was a significant difference with a strong effect. It is
important to note that there was a much smaller percentage of parents who identified as fathers
than mothers in this sample population. The results for this STEM-PPQ question category
indicate the null hypothesis for this part of RQ1 cannot be accepted.
For the remaining two question categories Parent STEM beliefs and values (statements
11-15) and Parent perception of child’s STEM beliefs and values (statements 16-20), the average
ratings across all ten statements were all above a rating of 4 on the Likert scale. This was
expected to some degree since the sample population was drawn from families who had one or
more child(ren) who had already registered for one or more STEM program enrichment
programs, meaning the respondents are already biased toward valuing OST STEM programs.
Because of this source of bias, this researcher used the average composite ratings for each of the
four STEM-PPQ question categories as the test value for the one-sample t-tests (as opposed to a
different test value such as a neutral rating=3). A neutral rating=3 may be a more appropriate
test-value for one-sample t-test conducted with a more heterogeneous population of families who
have different exposure and experiences with OST STEM programming. This approach was
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important not only to minimize bias, but also because STEM programs could discover ways to
expand their reach and impact if data were collected from new families as well as existing
program patrons.
Regarding Parent STEM beliefs and values (statements 11-15), all but one statement had
average Likert ratings above 4.5 on the Likert scale (1-5). Statement 15 on average was rated
lowest (4.09) and addressed how frequently parents expose their child(ren) to STEM fields. Two
statements were both rated over 4.8 on average (statements 11 and 12). While the composite
average parent rating for this category (all statements 11-15) was 4.62, there were statistically
significant differences between that average and all but one statement (statement 13, STEM fields
are personally important to me). These results indicate the null hypothesis for this part of RQ1
cannot be accepted. Since all statements had a relatively high average rating across all parents,
these results support the assumption that (and resulting limitation of) the sample population may
already be biased towards the notion of pursuing STEM enrichment opportunities for their
families.
As for the STEM-PPQ question category of Parent perception of child’s STEM beliefs
and values (statements 16-20), only one statement (19) regarding how well the child performs in
STEM disciplines at school was significantly different from the composite average of all ratings
within this category and the effect of this significant difference was modest (Cohen’s d=0.29).
The remaining statements in this question category were not significantly different that the
composite average and there were no differences between mothers and fathers for any of these
statements. These results for this STEM-PPQ question category indicate the null hypothesis for
this part of RQ1 cannot be rejected since there was only one significant difference which only
had a modest effect. Furthermore, as with the Parent STEM beliefs and values (statements
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11-15), since all statements had a relatively high average rating across all parents (all were over
4.5), these results also support the assumption that the sample population may already be biased
towards the notion of pursuing STEM enrichment opportunities for their families. These results
are also in line with the 2018 Milner-Bolotin and Marotto study indicating parents value pursuit
of STEM enrichment given the many applications of STEM in everyday life and are also in line
with the overall results obtained for research question two (RQ2) which addressed parental
perceptions of their child’s STEM attitudes and beliefs.
To analyze research question two (RQ2), SPSS version 26 was used to compare parent
and student ratings of 37 items on the PPS-STEM (the adapted version of Friday Institute’s 2012
S-STEM) and the corresponding student responses to the original S-STEM items (Friday
Institute, 2012a, 2012b). All data for RQ2 were analyzed at the p < .05 statistical level.
Demographic questions were evaluated to understand parent and student attributes of the sample
population. Independent samples t-tests were conducted to identify any significant differences in
the average Likert ratings for several questions within one of four categories (Math, Science,
Technology and Engineering, and 21st Century Skills). To determine how closely aligned parental
ratings aligned with that of their child, a Pearson’s Chi-square test was conducted for all 37
questions. Where significant differences were detected, the strength of the significance was
determined via Phi values, as reported in SPSS version 26. In addition, S-STEM scores were
compiled and represented the sum of the rank value for each rating for all 37 S-STEM items
overall and for each subcategory (Math, Science, Engineering and Technology, and 21st Century
Skills). This was done to evaluate and visualize how well-aligned the student and parent Likert
ratings were for this sample population. A paired samples t-test was conducted to compare the
mean parental S-STEM scores to that of the students and the effect size of any significant
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differences was determined via Cohen’s d analysis (Becker, 2000). To determine the relationship
between the student’s S-STEM score and that of their parents a Pearson’s correlation was
performed for the total S-STEM scores and also for the S-STEM subcategories of Math, Science,
Engineering/Technology and 21st Century Skills.
Independent samples t-tests did not detect any significant differences between parents’
and students’ average ratings of all statements within the four categories of questions on the
original Friday Institute (2012a, 2012b) S-STEM. When evaluating how well-aligned parents
and students’ ratings were for each of the 37 Likert questions from the PPS-STEM and S-STEM
instruments, a Chi-square test detected four significant differences with an effect size determined
by the resulting Phi value. There were no significant differences detected between parents and
student responses for any questions within the Math and 21st century skills question categories.
This means that for this sample population, parent and student responses to these nineteen
statements (eight Math questions and eleven 21st century skills questions) were aligned well.
This could be because Illinois schools spend more time on average on mathematics subject
matter than on the subjects of science and/or technology/engineering (ISBE, 2018).
There were four significant differences detected in the remaining two S-STEM Question
categories (science and technology/engineering, representing a total of 18 questions). For the
science questions, there were two significant differences between parent and student ratings for
questions nine (I (my child) feels good about myself (himself/herself) when I (he/she) do (does)
science) and twelve (When I am (my child is) older, knowing science will help me (my child) earn
money). The effect size of these differences was modest for question nine (Phi = 0.317) and weak
for question 12 (Phi = 0.273). In addition, there were two significant differences detected
between parent and student ratings within the Engineering/Technology category; these were for
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question 19 (If I (my child) learn(s) engineering, then I (he/she) can improve things that people
use every day) and question 22 (Designing products or structures will be important in my
(child’s) future jobs). The effect size of these significant differences was weak for question 19
(Phi = 0.258) and modest for question 12 (Phi = 0.320). Furthermore, results from the paired
samples t-test revealed no significant differences of the total S-STEM scores between parent and
students, yet there were significant differences between parents and students within the Science
and Engineering/Tech subcategories. These results are in line with that of the Chi-square results
comparing the average ratings of each individual question.
Since of the 37 PPS-STEM/S-STEM questions there were only four (~10%) with
significant differences detected, and for those four significant differences the effect size was
weak to modest, it could mean that it is safe to consider these differences as unimportant. Given
this, these results mean that the null hypothesis for RQ2 can only be partially accepted: there will
be no difference between the parent’s perception of their child’s STEM attitudes and the child’s
actual STEM attitudes. This finding is important because it means that parents in this sample
population do have a relatively accurate perception of their child’s STEM attitudes and beliefs,
but more research is needed to evaluate the degree to which parent and student response to the 37
S-STEM questions are aligned. However, since there were some differences between parents and
students for the categories of Science and Engineering/Technology, this could be an artifact of
schools not spending a comparable amount of time on these subjects during the formal school
experiences for children in IL. Given that, it provides further justification for institutions to
continue offering STEM enrichment opportunities with a science and/or engineering/technology
focus and provides strong rationale to repeat this work in additional settings.
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There was a moderately strong to strong positive relationship between the parent and
student S-STEM summation scores and these relationships were all significant. These results are
in line with that of others who have determined that parental/family involvement is associated
with positive educational outcomes for students (Anderson & Minke, 2007; Xie et al., 2015).
Specifically, Mihelich et al. (2017) reported that the degree to which parents are positively
oriented toward science can significantly influence their children’s attitudes toward science. In
part I of this this study, STEM-PPQ Q16 examined parental STEM beliefs and values, which
were rated highly (all five statements had average ratings over 4 on the five point scale). In part
II, it was discovered that parents’ perceptions of their child’s STEM attitudes and the child’s
actual STEM attitudes are generally pretty well-aligned, although more research is needed to
examine this further, with special attention given to the subcategories of Science and
Engineering/Technology.
STEM education enrichment, or out-of-school time (OST) STEM experiences, could be
playing an important role in producing students who are capable and talented in the Science,
Technology, Engineering and Math (STEM) fields (Margot, 2017). Because OST STEM
experiences are important to maintaining student interest and ability in STEM (Young, Ortiz and
Young, 2017) it is important to investigate factors that influence student participation in and
outcomes of OST STEM experiences for younger, k-12 students. The goal for this initiative was
to provide organizations who offer STEM enrichment programs with insight into the role that
certain factors play when parents are choosing such opportunities for their children.
Limitations
As with any study, there are limitations that affect how broadly results can be
generalized. This study was conducted in a Chicago metropolitan area in Illinois where a
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particular suite of STEM enrichment programs are headquartered. Thus, the results of this study
may not be generalized in urban or rural settings. Additionally, the sample population of this
study consisted of parents and the children of these parent respondents who had completed at
least second through eighth grade. Therefore, the results of this study may not be generalizable to
students in grades outside of those compiled in the sample used in this study. The racial
composition of this study population is relatively high for White and Asian/Pacific Islanders, as
compared to Black/African American, Hispanic, and other or multiracial students, leaving the
possibility that these results are likely not able to be generalized in a homogeneous racial setting
or even in settings which are more racially diverse. Since the sample population was drawn from
existing families who had participated in at least one STEM enrichment program, the participants
were likely aware of the benefits of STEM education opportunities that extend beyond the
classroom. Therefore, these results may be biased toward families who already value and have
access to STEM enrichment opportunities. Replicating this study in other settings, such as a
traditional school setting, would likely lead to different outcomes. Furthermore, given that this
study was implemented during the Summer 2020 amidst a global pandemic, these results may be
limited regarding study participation, as OST STEM programming as well as voluntary
participation in a research study may not have been a priority for the families who were invited
to participate.
Recommendations for Future Research
Based on the findings of this study, there are a number of recommendations for future
research and practice. First, given the limited number of respondents, that the study was
conducted during a global pandemic, and that the sample population from which these
participants were obtained, this study should be repeated to invite participants from additional
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STEM enrichment programs and traditional school settings, but should also focus on studying
populations who may not have regular access to STEM enrichment programs. This might allow
for additional and valuable insight for organizations that offer STEM enrichment programs
seeking to expand their impact and reach. It would be interesting to see additional studies with
larger sample sizes and more heterogeneous groups that look more closely at parent and student
alignment of responses to the PPS-STEM and S-STEM questions across Illinois and beyond. In
addition, since this research was conducted as a cross-sectional study during the late
summer/early fall, additional studies such as a longitudinal study and/or comparison study that
examines differences between groups who have and have not had adequate access to STEM
enrichment programs should be considered. A longitudinal study which follows students as they
progress through their academic years could identify important shifts in the relationship between
parents and their children at certain grades, which could impact marketing and recruitment
strategies for STEM enrichment programs. A comparison study could inform key differences
between groups with differential access to these programs and could provide important rationales
for funding opportunities necessary for families without adequate access to these types of
programs. Ultimately, replication of this research in other educational settings could confirm
these findings and could allow these results to be more generalizable and applicable across
different contexts and settings.
Two new survey instruments were created to conduct this research: 1) the STEM
Program Parent Questionnaire (STEM-PPQ) and 2) the adapted versions of Friday Institute’s
(2012a, 2012b) S-STEM instruments, which were designated as Parental Perception of their
Student’s STEM beliefs and attitudes, or PPS-STEM. While both new instruments were found to
be reliable, as measured by Cronbach’s alpha, and they allowed this researcher to answer the
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investigative questions, there is room for improvement. First, regarding the STEM-PPQ, there
were a few statements which could be enhanced or clarified and the first question category of the
survey which addressed STEM Program Characteristics, had a lower level of internal
consistency. It may require revisions with further validity and reliability analyses. Nonetheless, it
is important to determine if some STEM program factors are valued more highly than others by
parents, so perhaps a fifth category with additional statements could improve the internal
consistency of the novel STEM-PPQ survey. Second, collecting gender information could
provide additional insight (this tool didn’t ask participants to report their gender, although it can
be inferred based on the parental role with which participants identified). Third, in the first
category STEM program characteristics the lowest-rated item was the statement four which
pertained to the extras provided to participants (such as a meal, t-shirt, swag, or having studentcreated take-aways). Separating the term extras from the phrase student-created take-aways
might be important since these two types of items are quite different and it would be interesting
to see if parents valued a student-created artifact differently than program-provided extras, like a
meal or program-related swag. Fourth, in the question addressing program logistics, statement
the timing of a program that parents were asked to rate could be revised. For example, the
clarifying statement after statement eight included a “vs.” delineation (it read: summer vs. school
year/evenings and weekends), so it could have been confusing to the respondents and it could be
difficult to tell whether the parents rated those statements in general or if they had one of the two
options in mind when selecting their rating. It would be more meaningful to have parents rate
each type of program offering (summer programs, vs. weekend programs, vs. evening programs)
to determine if there is a particularly ideal timing to offer OST STEM programs to families
within the programs service radius. A similar delineation could help clarify the results of parental
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ratings of statement six, relating to program duration and could strengthen usefulness and
applicability of the STEM-PPQ instrument. Fifth, incorporating collection of qualitative data via
open-ended responses, could help to obtain a more holistic view of what parents’ value most
when it comes to STEM enrichment program opportunities for their child(ren). These types of
survey modifications are likely to lead to a better, more reliable instrument with a higher level of
internal consistency.
Although there is ample research addressing student STEM beliefs and attitudes and the
role of OST STEM experiences in shaping student’s future college and career aspirations, and
while many studies examine parental perceptions related to STEM and STEM education,
currently there is a lack of adequate research addressing the role of parental perceptions in
factors that are considered when parents seek OST STEM experiences for their children.
Furthermore, no studies have been identified that have examined how well-aligned parent
perceptions of their child’s STEM attitude and beliefs are with their child’s actual STEM
attitudes and beliefs.
What are the implications of this study for the students, parents, and STEM enrichment
Programs? First, this study reinforced that the Friday Institute (2012a, 2012b) S-STEM
instruments are reliable and sound, which means STEM enrichment programs and schools
should consider using them to track student STEM attitudes and beliefs which can help inform
curricular and pragmatic decisions, such as marketing and funding initiatives. Second, adapting
the S-STEM (Friday Institute, 2012a, 2012b) into a tool that can measure parental perceptions of
their child’s STEM attitudes and beliefs can encourage future researchers to examine this novel
variable in order to gain additional insights into student STEM ideals and experiences and what
might be affecting student STEM ideals and experience (such as parental influence). Data
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obtained from studies using the PPS-STEM can inform local and national STEM education and
related funding initiatives in both traditional and OST settings. Third, while we know that early
experiences can impact student STEM beliefs, attitudes, and career aspirations, it may be more
difficult for parents of younger children to have an accurate perception of their child’s STEM
attitudes and beliefs (Business-Higher Education Forum, 2010; PCAST, 2010). Despite that, it is
still important to continue emphasizing the value of OST STEM enrichment experiences for
students of all ages and to consider the important role that parents as well as STEM enrichment
opportunities play in shaping the STEM attitudes and beliefs of their children. Since student
STEM attitudes and beliefs can impact a child’s future college and career choices, it’s important
for students to develop strong and positive STEM attitudes and beliefs to produce the next
generation of talented and capable STEM professionals.
Conclusions
The purpose of this research was two-fold: 1) to develop a new instrument that can be
used to explore factors which might contribute to parental choice regarding out-of-school time
(OST) science, technology, engineering and mathematics (STEM) enrichment experiences for
their children in Illinois and 2) to adapt and use an existing instrument to assess the degree to
which parental perceptions of their child(ren)’s STEM attitudes and beliefs align with the child’s
actual STEM attitudes and beliefs. The null hypotheses for research question one was rejected
which indicates that parents differentially value some STEM program factors over others. The
null hypothesis for research question two was accepted; for the S-STEM categories of math and
21st century skills, no significant differences were detected between the Likert ratings of parents
and students (null hypothesis accepted); while there were two significant differences for each of
the categories of science and engineering/technology, the effect size of these differences were
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weak or modest. This implies that for this sample population, parent perceptions of their
student’s STEM beliefs are fairly well-aligned to the student’s actual STEM beliefs. More
research is needed to continue exploring these questions in other settings and with larger sample
sizes. It would also be important to try to capture data from a sample of parents that has a more
proportional number of parents who identify as mothers and fathers. This study is important
because it could inform STEM enrichment programs about parental perceptions that affect the
enrollment decisions they make for their children.
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Appendix B
Survey Information
This study used the following surveys in the data analysis. Please contact Dr. Christine L.
Moskalik, cmoskalik@imsa.edu or cmoskalik@gmail.com for information on obtaining
permission to use the surveys developed and adapted for this study. For the original S-STEM
surveys, please contact the William and Ida Friday Institute for Educational Innovation,
https://www.fi.ncsu.edu/.
•

Student Attitudes Toward STEM (S-STEM) Survey: Middle and High School Students
(6-12th grades)

•

Student Attitudes Toward STEM (S-STEM) Survey Upper Elementary School Students
(4-5th grades)

•

STEM-Program Parent Questionnaire (STEM-PPQ) - Parent and Child (grades 3-5)
Parent Questions - Part Ia

•

STEM-Program Parent Questionnaire (STEM-PPQ) - Parent and Child (grades 6-9)
Parent Questions - Part Ia

•

PPS-STEM (adapted version of the Friday Institute (2012) S-STEM) - Part Ib
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